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1 Introduction
1.1

Background

In most European regions, increasing ‘populations’ of the Great Cormorant, particularly
the continental race or sub-species Phalacrocorax carbo sinensis, are creating
human-wildlife conflicts across the European community. A variety of fishery
stakeholders throughout Europe have experienced adverse effects of the species’ fish
consumption and its ability to quickly locate fish that are easily accessible. The
repeated occurrence of conflicts between cormorants and commercial fisheries,
aquaculture and angling interests necessitates strategic guidance on how to reduce
the perceived damage caused by these birds.
In the process of developing appropriate management approaches, it has become
evident that knowledge about the migration patterns and population dynamics of the
sinensis sub-species is essential for the process of developing sound strategies to
reduce conflicts. It has, for example, become clear that a firmer knowledge base is
needed to assess the likelihood of reducing damage by implementing local or
regional regulation of cormorant numbers, or whether controls on even larger
geographical scales could at all be effective in reducing damage to various types of
fisheries. The scientific basis for such decision making would be improved by
identifying how cormorants distribute themselves outside the breeding season and
how external factors influence their distributional patterns.
The European Commission takes the issue seriously and took the initiative with the
following pair of actions:
• It developed a non-binding guidance document that explores the possibilities
provided by Article 9 of the EU Birds Directive regarding its application.
• It hired Aarhus University and the NERC Centre for Ecology & Hydrology as a
contractor to (a) disseminate relevant information about cormorants through a
website hosted by DG Environment under the European Commission (the socalled ‘EU Cormorant Platform’), and (b) organise counts of cormorants in Europe
during the breeding season and in winter.
The second of these tasks was undertaken within a DG-Environment Service Contract
project entitled ‘Sustainable Management of Cormorant Populations’ – which was later
given the acronym ‘CorMan’.
It became evident during the CorMan project that there was a need for more
knowledge about the migration patterns of the sinensis sub-species of Great
Cormorants in Europe. Such knowledge was judged essential for better understanding
migratory connectivity and of relevance for future evaluation of the pros and cons of
various management options for dealing with the conflicts. As a consequence this issue
was mentioned during discussions between the CorMan project coordinators and DGEnvironment.
Building on these gaps in knowledge, a tender for a project dealing with this and other
issues was announced by DG-Environment in March 2013. The project was entitled
‘Dynamics of the Great Cormorant population in Europe’. Following an evaluation of
applications the bid from Aarhus University in Denmark was chosen and after a
contract was signed in August 2013, the project started in the end of September 2013.
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Initially the project was planned to last for one year but after the first 6 months of the
project we realized that far more time was needed in order to collate all relevant data
and conduct quality checks of recoveries. This process was both very time consuming
and involved a lot of communication and waiting time to give ringing centres and key
cormorant ringers time to assist us with the required clearing of various data issues. As a
result, DG-Environment allowed the project to be extended until late 2015.
As contractors we decided to give the project the acronym ’CormoDist’.

1.2

The CormoDist project and its aims

The CormoDist project has been led by Aarhus University but other institutions,
researchers and key cormorant ringers have been involved to varying extents.
The major focus of the CormoDist project has been on using recoveries of dead ringed
Great Cormorants in order (1) to identify where cormorants from specific breeding
areas spend their winter, (2) to quantify the composition of wintering populations in
terms of their breeding origin and (3) to explore whether there have been changes
over time in migration patterns and in the geographical origin of the cormorants
present in the different wintering areas.
The project has only dealt with the continental sub-species Ph. c. sinensis mainly
because the majority of the conflicts with cormorants in Europe are with this subspecies .
More specifically the tender material specified that the contractor should:
1.
2.

3.

4.

5.

Provide an overview of where cormorants from different breeding populations
occur in Europe during autumn and in winter (see ‘1’ in Fig. 1.2.1).
Determine the geographical origin of the cormorants occurring in the various
Member States by quantifying the proportion originating from the different
sections of the northern breeding range (see ‘2’ in Fig. 1.2.1).
Estimate the proportions of autumn staging and wintering cormorants that rely for
foraging on natural wetlands and in artificial commercial fisheries (i.e.
aquaculture).
Formulate the most likely viable strategic options to deal with the often highly
conflict-ridden cormorant-fisheries interactions at local, regional, and European
levels.
Present results, disseminate information and provide advice in the form of reports
and participation in meetings.

The above description of tasks represents a summarised version of the tasks listed in
the Tender Specifications.
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1

2

Fig. 1.2.1. Schematic figure illustrating a theoretical example of migratory connectivity
between breeding and wintering areas. The number ‘1’ refers to the estimation of the
proportion of birds migrating from specific breeding areas to various wintering areas, and
the number ‘2’ refers to the estimation of the composition of the winter population in
different parts of Europe with respect to the geographical origin of the birds present in
winter.

1.3

The current report

This report is the final report to DG Environment within the European Commission. It
describes the material used, the methods applied, the main results and discusses some
of the implications of the results for future management of cormorant-fisheries conflicts
in the European Union.
More specifically this report focuses on:
• Project management and activities
• Descriptions of migration patterns of cormorants from different sectors of the
European breeding range including documentation of how the cormorants are
distributed during post-breeding and in autumn and winter.
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•
•

•

Descriptions of changes in migration patterns and identification of some of the
factors affecting where individual cormorants are wintering.
Presentations of outputs from a newly developed model which has been used for
estimating the proportion of birds migrating to different wintering areas and to
quantify the composition of the various wintering populations with respect to their
breeding origin.
Discussions of pros and cons of various strategies for management of conflicts and
cormorant numbers at different geographical levels.

A short discussion and a few concluding remarks are given at the end of the report
before offering a list of references cited in this text.

Cormorants roosting below the Alps in Austria, March 2015. The Alps constitute a barrier for the cormorants during
autumn and spring migration. Photo: C. Noebauer©.
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2 Project organisation and management
2.1

Organisation of project

The project was managed by the National Centre for Environment and Energy and
the Department of Bioscience, Aarhus University, Denmark.
The project team consisted of three employees from Aarhus University and four subcontractors being D. N. Carss (NERC, Centre for Ecology & Hydrology, United
Kingdom), K. T. Pedersen (Bird IT, Denmark), S. Volponi (Istituto Superiore per la
Protezione e la Ricerca Ambientale, Italy), J. Lynch (JL Nature, Denmark) and J. Sterup
(Denmark). A. D. Fox was involved in the project as a controller of the quality of the
research on behalf of the Department of Bioscience at Aarhus University. The project’s
major collaborators from outside the project were F. Korner-Nievergelt (Swiss
Ornithological Institute), EURING and several national ringing centres.
For the purposes of increasing the quality of the interpretation of the results from the
project, Aarhus University established a working group consisting of relevant
cormorant researchers from IUCN/Wetlands International Cormorant Research Group.
These researchers contributed to the project by participating in four meetings as well
as through direct contact with the project leader. The cormorant experts from the
IUCN/Wetlands International Cormorant Research Group were M. R. van Eerden, S.
Rijn, L. Marion, R. Parz-Gollner and J.-Y. Paquet.
The overall management of the project was handled by the project leader, Thomas
Bregnballe. The collation of data and the quality checks were handled by K. T.
Pedersen, T. Bregnballe, J. Lynch, S. Volponi, J. Sterup and M. Frederiksen. The
descriptive handling of migration patterns and factors affecting this was carried out by
T. Bregnballe and E. Køhler. The development and use of the model applied for the
work on migratory connectivity and quantification of the compositions of wintering
populations was carried out by M. Frederiksen, F. Korner-Nievergelt and T. Bregnballe.
The discussions of the implications of the projects results for future management
options were led by D. Carss, T. Bregnballe, M. Frederiksen and involved input from the
cormorant experts from the IUCN/Wetlands International Cormorant Research Group.

2.2

Management and communication

The overall management of the project was handled by the project leader Thomas
Bregnballe but Morten Frederiksen and later on also Dave Carss participated in
discussions of various issues related to decisions that had to be taken.
Careful management effort was invested to ensure engagement by all team
members from the start of the project, to make sure all were aware of their roles and
the expectations placed upon them, why they were undertaking the tasks assigned,
how they fitted into the overall project (and its expected outcomes) and their specific
goals and deadlines. Particular emphasis was placed on managing the inevitable
changes and delays that occurred during the course of the project. The team and DG
Environment were kept informed to ensure that all were aware of these changes, their
causes and their consequences for the work plans.
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Participants in the meeting between some of the team members and researchers from the
IUCN/Wetlands International Cormorant Research Group at Sandbjerg in October 2015.
The persons are from left to rigth: M. R. van Eerden (representative of the IUCN/ Wetlands
International Cormorant Research Group), S. Volponi (subcontractor), D. N. Carss, T.
Bregnballe (project leader), M. Frederiksen (behind; ..), J. Y. Paquet (middle; ..), L. Marion
(behind; ..) and Stef van Rijn (in front; ..). The photographer Rosemarie Parz-Gollner is
missing from the photo.

The project leader administrated the project through direct contact with the team
members and the individual subcontractors.
During the project the team members communicated with each other at meetings
and by e-mail, telephone and Skype.
Specific management was required when dealing with the ringing centres and the
key cormorant ringers in Europe. Thus there were several important issues to deal with
in relation to such issues as data ownership, handling of mistakes, analysis and
publication.

2.3

Publicising of the project and its results

The publicising of the project, its aims and results was mainly through:
• Hundreds of e-mails to persons, institutions and organisations known to have an
interest in cormorants and ringing.
• A description of the project on the IUCN/Wetlands International Cormorant
Research Group home page which is used by persons interested in cormorants.
• A description of the project published in the Cormorant Research Newsletter,
February 2015.
• Two oral presentations in April 2014 at the 9th International Conference on
Cormorants and at the 7th Meeting of IUCN/Wetlands International, Osijek,
Croatia.
• An oral presentation in October 2014 for the ORNIS Commitee, Brussels, Belgium.
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An oral presentation in October 2015 for the NADEG Commitee, Brussels, Belgium.
Articles presenting preliminary results from the CormoDist project in the Cormorant
Research Group Bulletin, May 2015: “Migration patterns and distribution outside
the breeding season of Great Cormorants” and “Movements, distribution and
ecology of cormorants outside the breeding season: Gaps in current knowledge”.

Work on publishing the results from the project in the form of reports and scientific
papers is currently in progress.

Ringing of cormorant chicks is particularly demanding in tree-nesting colonies.
Photo: F. Möllers.
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3 Material and methods
3.1

Collation of data and current knowledge

The outcomes of this project depended to a very large extent on the analysis and
interpretation of data that had already been collected but not collated and analysed.
The collation of recovery data and subsequent organisation and quality control of
these constituted a major task for the project. The building of the best possible data set
was given extremely high priority and took more than a year partly due to extensive
variation in how data were originally organised and due to the demand associated
with detecting and correcting mistakes in the information connected to each
recovery.
In our working towards answering the focal questions, we not only worked with raw
data, but also with an extensive amount of information that has been produced over
the last 30 years about spatiotemporal variation in cormorant numbers throughout
Europe, the species’ behaviour and the species’ ecology. We initiated collation of
existing knowledge about cormorants and their population dynamics early in the
project to ensure that the relevant knowledge would be available to us when
analysing data, interpreting results and writing up conclusions.
We contacted the European Union for Bird Ringing (EURING), national ringing centres
and selected key cormorant ringers in order:
•
•
•

to inform them about the project
to invite them to collaborate and maybe co-author scientific papers
to request delivery of their data on the numbers of cormorants ringed and the
recoveries that had been generated.

We established connections with IUCN-Wetlands International and their Cormorant
Research Group and the EC project ‘CorMan’ as well as with national key institutions
and researchers in order:
•
•
•

to inform them about the project
to ensure access to the best possible data that exist on annual numbers of
cormorants breeding
to benefit from existing knowledge about the behaviour and ecology of
cormorants.

We informed ringing centres in all European countries and the key cormorant
researchers about the purpose of the project, and we asked for permission to use
information from the recovery data gathered through their ringing activities.
Collating all the relevant information and conducting quality checks of data required
time and resources. To reduce the risk of delays with these tasks, we used three
subcontractors, all of which had experience in handling data and communicating
with data owners.
The following sections describe the types of data and information we collated and
how we procured and organised these.
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Organisation of ringing and recovery data

For the description of the migration patterns and winter distribution and for the
quantification of migratory connectivity we collated recovery information for
cormorants of the sub-species Ph. c. sinensis ringed as chicks in Europe, including the
Russian part of the Gulf of Finland.
We gained access to data on recoveries in two ways. Firstly we wrote to all relevant
ringing centres and key cormorant ringers in Europe, Ukraine and parts of Russia.
Secondly we wrote to the European Union for Bird Ringing (EURING). In line with the
standard procedure for EURING they also contacted the relevant countries that had
provided data for the EURING database and asked these for permission to pass on
extracts from their database to the CormoDist project.
In the project we constructed our own database containing recovery information. For
each recovery we stored information about:
• location of ringing and recovery site (names of location/colony, EURING province
code, geographical coordinates etc.)
• date of ringing and date of recovery
• exact or approximate age when ringed
• condition of the bird when found (e.g. whether the bird had died recently or had
been long dead)
• finding circumstances and/or cause of death (e.g. drowned in fishing gear, shot,
unknown etc.)
• whether or not the bird was ringed with a colour-ring besides a metal-ring (this
may influence the probability of recording the presence of rings on cormorants
found dead).
The recovery data were then subject to quality control, including checks for mistakes
in the dates given for ringing and recoveries and in the recovery location coordinates.
The European Union for Bird Ringing (EURING) does not store information about the
number of cormorant chicks ringed in any one colony in a given year. We therefore
needed to go back to the individual ringing centres and in some cases to the original
ringers to get this information.
The database we constructed was updated whenever we received new information.
For most countries we were only able to procure information on numbers ringed at the
national level and not at the level of individual colonies.

3.3

The study area and its division into breeding and wintering areas

Priority was given to assess the patterns of migration of breeding populations in
countries from where Great Cormorants migrate to EU Member States. Furthermore it
was decided to focus on cormorants belonging to the continental sub-species Ph. c.
sinensis breeding in northern and western Europe. Thus based on published material
and a preliminary analysis of migration routes from different parts of the breeding
range we found that:
•

Great Cormorants of the Atlantic sub-species Ph. c. carbo breeding in United
Kingdom and Norway constitute a very small proportion of the cormorants wintering
in inland areas on the mainland of Europe (e.g. Coulson & Brazendale 1968,
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•
•

Mogstad & Røv 1997, Fonteneau & Marion 2005). Furthermore, it turned out to be
difficult to get access to the recovery data of cormorants ringed in United Kingdom.
A very low number of cormorants had been ringed in the southeastern countries in
Europe such as Albania, Romania, Bulgaria and Greece.
Only a small proportion of the cormorants breeding in Ukraine migrated to the EU
Member States Romania, Bulgaria and Greece (Koshelev et al. 1997, Kostiushyn
et al. 2011).

As a consequence of the above decisions on how to define the outer borders of the
study area, we excluded the breeding populations in Ireland, United Kingdom, central
and northern Norway, the Russian Federation (except Kaliningrad and the Russian
part of the Gulf of Finland), southeastern Europe and Ukraine.
We further divided the breeding range of the sinensis sub-species within the study
area into a sub-set of 12 areas (Fig. 3.3.1, Table 3.3.1). Most breeding areas were
defined as individual countries but some countries were allocated to the same group
as one or more of their neighbours. Countries were grouped for one or more of the
following reasons: 1) the cormorants from the neighbouring countries were likely to
have the same migration pattern, 2) a fairly low number of cormorants had been
ringed in the individual countries, 3) the breeding population in one or more of the
countries was fairly small.

2
1
5

3

5

6

4

7
11
9
12

8
10

Figure 3.3.1. Delineation of the 12 defined breeding areas in Europe. The countries and
areas included in each of the defined breeding areas are listed in Table 3.3.1.
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Table 3.3.1. The countries and areas included in each of the defined breeding areas. See
also Fig. 3.3.1.
Area
No. Name of area used in the report Countries and areas included
1

Sweden

Sweden

2

Finland

Finland

3

East Baltic

Russian part of the Gulf of Finland, Estonia, Latvia,
Lithuania and Kaliningrad

4

Poland

Poland

5

Denmark

Denmark and Norway (only south Norway where
the breeders belong to the sinensis sub-species)

6

Germany

Germany

7

The Netherlands and Belgium

The Netherlands and Belgium

8

France

France

9

Switzerland

Switzerland and Austria

10

Italy

Italy

11

Czech Republic

Czech Republic

12

Croatia and Hungary

Croatia, Hungary and a small part of Serbia

We also divided the wintering area used by the European breeding population of
sinensis into 11 wintering areas (Fig. 3.3.2, Table 3.3.2). In our definition of the
wintering areas we attempted to take the following circumstances into account:
• For the reporting of results it would be useful to define staging and wintering areas
as individual countries as far as this seemed reasonable.
• The number of cormorants occurring in the area in winter should not be too small
compared with the other wintering areas.
• The composition of the wintering population with respect to the geographical
origin of the individuals present in the area should not vary extensively within the
defined wintering area. Since the cormorants from the northern breeding areas
tend to migrate in a southwestern direction (see chapter 4), we found it wise to
split Germany and Austria and lump individual provinces in these countries with
neighbouring countries.
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Figure 3.3.2. Delineation of the 11 defined wintering areas in Europe. The countries and
areas included in each of the defined wintering areas are listed in Table 3.3.2.
Table 3.3.2. The countries and provinces included in each of the defined wintering areas.
Area No. Name of area used in the report

Countries and areas included

A

Baltic Sea

Norway (central and south), Sweden (central and south), Finland
(central and south), Russia (Gulf of Finland), Estonia, Latvia, Lithuania,
Kaliningrad, Poland (along Baltic Sea), Germany (Schleswig-Holstein,
Mecklenburg-Vorpommern) and Denmark

B

Central East

Poland (central and south), Czech Republic, Slovakia, Hungary, Austria
(central and east)

C

Switzerland and Germany

Switzerland, Germany (except N and NW Germany), Austria west and
Liechtenstein

D

United Kingdom

United Kingdom and Ireland

E

The Netherlands and Belgium

The Netherlands, Belgium, Germany (Niedersachsen, NordrheinWestfalen, Rheinland-Pfalz and Saarland) and Luxembourg

F

France

France

G

Spain and Portugal

Spain and Portugal

H

Italy

Italy including Corsica

I

Balkan

Slovenia, Croatia, Bosnia, Serbia, Montenegro, Macedonia, Albania
and Greece

J

Black Sea

Ukraine, Romania, Bulgaria and Turkey

K

North Africa

North Africa and Malta
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Ringing activity

For the description of migration patterns and distribution during late summer, autumn
and winter, we included recoveries made between 1983 and 2013 of birds ringed
between 1974 and 2013. Only in a few countries had ringing been undertaken place
during the 1970s. The birds ringed during 1974-1979 contributed only 65 of all 11,062
recoveries included, and 56 of these recoveries were of cormorants ringed in
Denmark. The birds ringed during 1980-1982 comprised 175 of all 11,062 recoveries,
of which 165 had been ringed in Denmark. The remaining birds for which we have
recoveries were ringed during 1983-2013.
For the analyses of migratory connectivity, we only included recoveries of birds ringed
between 1983 and 2013.
There were large differences among the countries in the number of Great Cormorants
ringed, and the effort invested in ringing varied among years in all countries. The
annual number of cormorant chicks ringed in the 12 defined breeding areas is shown
in Fig. 3.4.1. In none of the countries did the number of chicks ringed follow the
development of the breeding populations.
Within the breeding areas the ringing activity was not limited to one, or just a few,
breeding colonies but took place in several or many different colonies. Nonetheless, in
most of the breeding areas the effort invested in ringing was particularly high in a
rather limited number of colonies. An example of such variation is given in Table 3.4.1.

Great Cormorants are able to save energy during migration and foraging flights by gliding
on thermal wind. Photo: C. M. Olsen.
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Figure 3.4.1. The annual number of cormorant chicks ringed in the 12 breeding areas. Note that the y-axes have been
drawn to different scales.
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Table 3.4.1. The number of cormorant chicks ringed in 31 breeding colonies in Denmark
during 1974-2013. The colonies are listed in order of declining numbers of chicks ringed
within each of the six regions in Denmark.
Region within Denmark
West Jutland and Limfjorden

Northern Kattegat

SW Kattegat

Little Belt and South Funen

Northern Zealand
SE Denmark

3.5
3.5.1

Colony
Rønland Sandø
Havrvig Polde
Agger Tange
Rotholmene
Melsig
Fjandø
Klægbanken
Vårholm
Hirsholmene
Toftesø
Rønholm
Havnø
Vorsø
Mågeøerne
Stavns Fjord
Hindsholm
Svanegrund
Brændegård Sø
Bastholm
Kidholmene
Bågø
Saltbækvig
Øer ved Orø
Tyreholm
Malurtholm
Rågø
Vensholm
Nakskov Fjord
Dyrefod
Ormø

Numbers
2667
1206
1056
645
635
357
18
13
5752
2174
101
72
13,903
7666
4315
221
171
6471
159
131
27
451
403
11,808
3621
2872
2556
1929
1469
478

Recoveries: seasons, sample sizes and finding circumstances
Seasons and sample sizes

The migration patterns and the distributions during late summer, autumn and winter
was described by including recoveries made between 1st July and 28th February. For
this work we defined the seasons as follows:
• Late summer/post-breeding: 1st July – 31st August.
• Autumn: 1st September – 30th November
• Winter: 1st December – 28th February
The number of recoveries that were available from the different time periods between
late summer and winter are given in Table 3.5.1 for each of the 12 breeding areas. For
some of the breeding areas the recoveries extended from the first season 1983/84 to
the last season 2013/14 whereas for others, recoveries were only available from 10 of
the seasons (Table 3.5.2 and 3.5.3).
For the analyses of migratory connectivity, we only included recoveries made in the
winters between 1983/84 and 2013/14, and for these analyses the winter was
defined as extending from 15th November to 28th February. The sample sizes for the
analyses of migratory connectivity are given in Appendix 5.1.
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Table 3.5.1. The number of ringed Great Cormorants from the 12 breeding areas recovered in total during postbreeding (July-August), autumn (September-November) and in winter (December-February) over the seasons between
1983/84-2013/14. This data set was used for the preparation of the Kernel plots presented in chapter 4.
No.
1
2
3
4
5
6
7
8
9
10
11
12

Breeding area
Sweden
Finland
East Baltic
Poland
Denmark and South Norway
Germany
The Netherlands and Belgium
France
Switzerland and Austria
Italy
Czech Republic
Croatia, Hungary and Slovakia

Jul.-Aug.
473
116
117
132
1225
195
222
28
5
3
52
61

Sep.
337
102
118
55
619
103
71
10
6
24
21

Oct.
348
170
156
54
619
72
47
13
15
2
44
27

Nov.
316
145
127
34
538
52
56
11
14
7
18
12

Dec.-Feb.
980
479
296
75
1720
184
169
42
62
9
19
35

Total
2454
1012
814
350
4721
606
565
104
102
21
157
156

Table 3.5.2. Numbers of ringed Great Cormorants from the six breeding areas along the
Baltic Sea recovered dead during each of the seasons (July-February) between 1983/84
and 2013/14.
Season
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97
1997/98
1998/99
1999/00
2000/01
2001/02
2002/03
2003/04
2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14

Sweden
3
6
7
1
9
18
81
103
70
80
83
79
76
126
118
114
109
134
121
135
102
130
112
115
88
109
83
81
56
50
51

Finland
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
6
6
6
12
35
43
88
116
96
102
104
151
68
73
58
44

East Baltic
0
0
0
0
0
0
5
3
3
4
14
49
86
23
25
20
18
14
25
63
31
59
41
91
32
34
48
32
39
24
24

Poland
8
12
16
4
23
35
24
9
15
16
20
13
8
14
7
5
4
5
6
2
3
19
6
20
11
14
10
5
10
4
2

Denmark
161
271
199
244
160
192
148
84
77
61
97
56
80
145
64
49
96
179
202
211
247
187
92
127
150
142
192
144
162
228
208

Germany
1
2
10
22
28
44
50
32
30
22
52
44
10
22
11
14
12
7
5
12
5
7
8
4
4
21
27
30
28
25
15
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Table 3.5.3. Numbers of ringed Great Cormorants from the two breeding areas along the
Atlantic coast (the Netherlands/Belgium and France) and the four breeding areas in
central Europe and the Adriatic recovered dead during each of the seasons (JulyFebruary) between 1983/84 and 2013/14.
Season
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97
1997/98
1998/99
1999/00
2000/01
2001/02
2002/03
2003/04
2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14

3.5.2

The
Netherlands
14
11
13
9
21
26
10
22
21
23
18
20
24
24
20
25
21
21
17
35
17
31
19
21
10
23
9
11
12
12
5

France
0
1
0
0
0
0
1
9
2
2
3
3
7
1
2
0
4
5
0
7
4
6
7
7
6
8
5
3
4
5
2

Switzerland
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
3
8
10
12
11
13
23
17
3

Italy
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
4
1
0
0
0
0
1
2
3
4
0
3
1
0
0

Czech
Republic
0
0
3
2
4
13
15
18
6
5
13
3
5
3
3
7
4
2
2
7
2
4
4
9
10
7
1
1
0
4
0

Croatia &
Hungary
6
6
20
14
13
22
11
3
3
1
1
0
3
7
18
4
1
2
0
0
0
8
1
2
1
0
0
3
1
3
1

Geographical origin of the individuals recovered

In all the defined breeding areas ringing has been carried out in several or even in
many different colonies. This meant that the birds recovered in late summer, autumn
or winter where not just birds originating from one or a few breeding colonies. The
geographical spread of the ringed cormorants that were later recovered during late
summer, autumn or winter is illustrated in Figs 3.5.1-3.5.4.
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Figure 3.5.1. Location of the sites where Great Cormorants were ringed as chicks in the
western part of the Baltic Sea and for which recoveries have been included in the present
analysis. The size of each circle reflects the number of recovered birds that originated from
the sites shown. Data from ringing sites located within 10 km distance were pooled.
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Figure 3.5.2. Location of the sites where Great Cormorants were ringed as chicks in the
eastern part of the Baltic Sea and for which recoveries have been included in the present
analysis. The size of each circle reflects the number of recovered birds that originated from
the sites shown. Data from ringing sites located within 10 km distance were pooled.
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Figure 3.5.3. Location of the sites where Great Cormorants were ringed as chicks in the Netherlands, Belgium and France
for which recoveries have been included in the present analysis. The size of each circle reflects the number of recovered
birds that originated from the sites shown. Data from ringing sites located within 10 km distance were pooled.
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Figure 3.5.4. Location of the sites where Great Cormorants were ringed as chicks in Switzerland, Austria, northern Italy,
Czech Republic, Slovakia, Hungary and Croatia for which recoveries have been included in the present analysis. The size
of each circle reflects the number of recovered birds that originated from the sites shown. Data from ringing sites located
within 10 km distance were pooled.

3.5.3

Recovery circumstances

There were many different circumstances under which ringed cormorants were
recovered but some types of circumstances were far more common than others. There
was fairly large variation among staging and wintering areas in the probability that a
ringed cormorant would be recovered and reported because it had been shot, had
drowned in fishing gear or had died for other reasons (Tables 3.5.4-3.5.6).
This variation affected the frequency with which birds from different breeding areas
were reported dead due to for example shooting or drowning in fishing gear (Table
3.5.7, see also Bregnballe 1999). Thus birds from different breeding areas used – to
some extent – different staging and wintering areas where the risks of dying for various
reasons were unequal (Tables 3.5.4-3.5.6).
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Table 3.5.4. The circumstances at which individuals ringed were found, given as the
percentage of those recovered during the post-breeding period (July-August) for four
regions in Europe. Only including regions where the number of recoveries exceeded 100.
‘N’ denotes the total number of recoveries included from the region.
Proportion (%) of recoveries
Area

Shot

Drowned

Other

Unknown

N

10

44.1

9.9

35.9

1971

B Central East

65.6

8.1

2.5

23.8

160

C Switzerland and Germany

51.1

11.3

9.0

28.6

133

1.6

8.0

24.0

66.4

250

A Baltic Sea and S Norway

E The Netherlands, Belgium, Germany

Table 3.5.5. The circumstances at which individuals ringed were found, given as the
percentage of those recovered during Autumn (1 September-15 November) for six regions
in Europe. Only including regions where the number of recoveries exceeded 100. ‘N’
denotes the total number of recoveries included from the region.
Proportion (%) of recoveries
Area

Shot

Drowned

Other

Unknown

N

A Baltic Sea and S Norway

21.5

43.7

4.8

30

2093

80

3.1

3.1

13.8

420

56.9

11.5

7.3

24.2

260

6.0

21.1

15.9

56.9

232

F France

55.1

3.5

6.6

34.8

423

H Italy

25.6

7.7

7.7

59.0

117

B Central East
C Switzerland and Germany
E The Netherlands, Belgium, Germany

Table 3.5.6. The circumstances at which individuals ringed were found, given as the
percentage of those recovered during winter (16 November–28 February) for nine regions
in Europe. Only including regions where the number of recoveries exceeded 100. ‘N’
denotes the total number of recoveries included from the region.
Proportion (%) of recoveries
Area

Shot

Drowned

Other

Unknown

N

A Baltic Sea and S Norway

14.0

28.4

13.1

44.5

764

B Central East

61.0

5.3

6.0

27.7

282

C Switzerland and Germany

62.7

12.8

4.3

20.3

611

E The Netherlands, Belgium, Germany

10.9

8.7

19.9

60.5

357

F France

66.8

2.8

4.3

26.1

1317

G Spain and Portugal

22.1

19.9

12.5

45.4

271

H Italy

42.9

9.1

4.3

43.7

462

I Balkan

46.2

14.2

3.2

36.4

253

K North Africa

27.2

9.7

16.0

47.0

268
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Table 3.5.7. Circumstances at which ringed Great Cormorants were reported dead given
as the proportion (%) of all recoveries of cormorants coming from the different breeding
areas. Proportions are given for each of the following three time-periods of the year: postbreeding period (July-August), autumn (1 September–15 November) and winter (16
November-28 February). Breeding areas and seasons are only included if the number of
recoveries exceeded 40.
Number of
recoveries

Breeding area

Proportion (%) of recoveries
Shot

Drowned

Other

Unknown

Sweden
Post-breeding

473

15.4

41.4

11.2

31.9

Autumn

874

33.4

32.8

5.9

27.8

Winter

1107

46.3

11.4

8.9

33.4

Post-breeding

116

16.4

25.9

18.1

39.7

Autumn

362

42.3

25.4

5.5

26.8

Winter

534

54.1

8.8

5.2

31.8

Post-breeding

117

27.4

34.2

6.8

31.6

Autumn

336

42.3

22.9

5.1

29.8

Winter

361

46.5

16.1

5.3

32.1

Post-breeding

132

59.1

22.0

3.8

15.2

Autumn

133

71.4

17.3

0.8

10.5

Winter

85

47.1

18.8

11.8

22.4

Post-breeding

1225

7.3

42.6

9.8

40.2

Autumn

1531

29.5

30.7

5.9

33.9

Winter

1965

40.7

12.2

9.0

38.2

Post-breeding

195

19.5

36.9

3.1

40.5

Autumn

206

22.3

33.0

5.8

38.8

Winter

205

41.5

11.7

6.3

40.5

Post-breeding

222

3.2

13.1

24.3

59.5

Autumn

148

20.3

21.6

12.8

45.3

Winter

195

36.9

5.6

12.3

45.1

Winter

47

29.8

2.1

12.8

55.3

Winter

68

38.2

25.0

5.9

30.9

Post-breeding

52

90.4

1.9

3.8

3.8

Autumn

84

82.1

1.2

6.0

10.7

Post-breeding

61

36.1

3.3

4.9

55.7

Autumn

51

51.0

2.0

5.9

41.2

Winter

44

43.2

2.3

2.3

52.3

Finland

East Baltic

Poland

Denmark and South Norway

Germany

The Netherlands and Belgium

France
Switzerland
Czech Republic

Croatia and Hungary
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Recoveries as a reflection of distribution of cormorants

The recoveries used in the present project give information about where individual
cormorants from a certain breeding area have been present at least once. But the
number of individuals that are recovered and reported from a certain area is not only
related to the number of ringed individuals that have been present in that area. It is
also related to the probability a) that a cormorant present in the area will die before
leaving, b) that it will be found by a human if it dies and c) that the person(s) finding
the dead bird will report this to a ringing centre. For example, the probability that a
ringed cormorant will be recovered is likely to be highest in areas where cormorants
are exposed to shooting, are at risk of drowning in fishing gear and/or occur in areas
where humans occur regularly.
For these reasons the distribution of recoveries at different times of the year will not
precisely reflect the distribution of the birds belonging to a certain breeding
population. This is important to bear in mind, for example when looking at maps that
show distributions of recoveries.

3.6

3.6.1

Describing patterns in migration behaviour and distribution

Migration behaviour and patterns in distribution

To visualise how birds from specific breeding areas were distributed outside the
breeding season, we plotted all recoveries on maps. We used Kernel plots in order to
better illustrate the spatial variation in the density of recoveries. We used the Rpackage ‘birdring’ to produce the Kernel plots (Korner-Nievergelt & Robinson 2014).
For these plots we pooled recoveries made over many autumns and winters. Hence,
we describe patterns of distribution that represents 10-40 years of data depending on
when ringing took place and recoveries were retrieved.
In order to illustrate how far from the breeding areas the birds were recovered during
different times of the year, we measured the distance between the ringing site and the
site of recovery. Subsequently we extracted the median distance for different time
periods between late summer and winter for first-year birds and adults separately.

3.6.2

Factors affecting migration routes and winter distribution

In an attempt to explore to what extent different types of internal and external factors
affected migration patterns of cormorants in Europe we use the recovery data to
answer such questions as:
• Do cormorants in their first year of life overwinter in the same areas as older
cormorants?
• Do males and females overwinter in the same areas?
• Are there indications that characteristics of the geographical location of the
individual breeding colony influences migration routes and the distribution of
these birds outside the breeding season?
• Have cormorants changed their migration behaviour and choice of wintering
area over the years?
• Can recovery data be used to explore how year-to-year variation in winter
temperature affects the winter distribution of cormorants?
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The relationship between the age of cormorants and their winter distribution was
explored by comparing the distance between the ringing site and the recovery site.
These comparisons were only made for ringing areas where a large number of
cormorants had been ringed.
To explore the possible differences between males and females in their distribution
outside breeding, we used a data set from Denmark where a large number of
breeders had been sexed from their behaviour at the breeding sites and from
observed morphological characteristics. We compared the distance between the
ringing site and the recovery site for different periods between later summer and
winter and we compared the frequency occurrence of males and females in the
different wintering areas defined in Fig. 3.3.2.
To explore whether characteristics of the geographical location of individual breeding
colonies affected where cormorants occurred outside the breeding season, we
compared distributions of birds ringed in different regions of Denmark.
The following methods were applied in the attempt to identify whether and how
cormorants had changed their choice of wintering area over time:
• Maps of distributions of winter recoveries from different series of years were compared.
• The median coordinates of recovery sites were calculated for different series of
winters and compared. This was done for birds originating from breeding areas
where cormorants had been ringed for a number of years.
• The median distance between the ringing site and the recovery site was
calculated for each winter for cormorants originating from countries where ringing
had been fairly intensive over many years.
• The model developed for the study of migratory connectivity was applied to
estimate the proportion of birds that had migrated from specific breeding areas to
the different wintering areas. These estimates were made over 5-year periods and
for some of the breeding areas the sample sizes allowed us to explore whether
changes had taken place over time. One of the advantages of this method was
that the model allowed us to correct for the spatiotemporal variation in recovery
probabilities whereas this was not possible in the simple study of distributions of
recoveries (see chapter 5 and Appendix 5.2).
The possible relationship between the choice of wintering area and weather
conditions in single winters was studied by relating year-to-year variation in the
distance between the ringing site and the recovery site of Danish-ringed cormorants
and the climatic conditions in the main wintering areas. Information about winter-towinter variation in climatic conditions in various areas of Europe was extracted from
other ongoing work at Aarhus University.

3.7

Migratory connectivity and composition of wintering populations

By combining data on recoveries of ringed cormorants found dead with other types of
data and the use of a newly developed model we conducted a series of calculations
that enabled us to answer such questions as:
• how many birds from each breeding area winter where? (see ‘1’ in Fig. 1.2.1).
• how large a proportion of the wintering birds present in for example wintering
area C originate from the breeding area no. 3 etc.? (see ‘2’ in Fig. 1.2.1).
• to what extent do birds from different breeding areas mix in winter, and are there
any indications that they stay separate according to their breeding origin?
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are there indications that birds from certain breeding areas change their
migratory behaviour, i.e. that there are changes in where they spent the winter?
what are the consequences for the composition of the wintering populations with
respect to geographical origin that some breeding populations increase in size
whereas others decline and that cormorants may change their migratory
behaviour?

For the quantification of migratory connectivity and for the estimates of the
composition of the wintering populations we not only needed the recovery data, but
also additional information to convert the numbers of recoveries to an estimate of the
relative numbers of individuals involved. For this conversion we collated data and
knowledge about:
•
•
•
•

Numbers of cormorant chicks ringed per year, country and (if available) colony.
The number of breeding pairs per year, country and (if available) colony.
Mean breeding productivity per year, country and (if available) colony.
Information on all recoveries of dead ringed cormorants in winter (location, origin,
age etc.).

We developed a database with information about the annual number of cormorants
breeding in European countries, including some of the states in the western part of the
former USSR. Some of the relevant information on breeding numbers was retrieved
from reports etc. and some was delivered through personal contact with the national
coordinators of breeding counts of cormorants. Consequently some of the information
used was unpublished data supplied by individual countries.
For our conversion of numbers of recoveries to relative numbers of cormorants, we
needed to estimate the number of fledged young produced per colony per year in all
the breeding areas in Europe. The reproductive output from cormorant colonies has
been studied in breeding colonies throughout most of the breeding range of the Ph. c.
sinensis sub-species in Europe. However, these studies have usually lasted for only a
single or a few years and only covered years when the specific breeding colony was
either growing, stable or in decline. Nonetheless, we assessed that the number of
published studies was sufficient to allow reasonable estimates of the number of
fledglings produced per year in the European cormorant colonies during their
respective phases of population development.
Having collated and organised these data, we identified the areas and years for
which we had to make assumptions about the precise sizes of breeding populations
and numbers of fledglings produced. These assumptions were developed on the basis
of results published by cormorant researchers in Europe. We also discussed the validity
of our assumptions with other European cormorant researchers as well as with our
scientific quality controller.
It was not straightforward to convert the collated data into a quantitative overview of
migratory connectivity. This is partly because there is substantial geographical and
temporal variation both in the proportion of cormorants that have been ringed in the
breeding areas, and in the probability that a dead ringed bird is recovered. Thus, the
absence of records of birds from a specific breeding origin in a wintering area may
simply reflect that few or no birds were ringed in that country, and similarly the
absence of dead recoveries in a specific wintering area may reflect that dead birds
were not recorded, perhaps because no shooting of cormorants took place in the
area. These examples are extreme (and unrealistic), but even a lower and more
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realistic level of variation in ringing and recovery effort makes the estimation of
migratory connectivity complicated.
The approach and model developed and applied for quantifying the migratory
connectivity and estimate the composition of the wintering populations is described in
chapter 5 and Appendix 5.1.

Most Great Cormorants moult into breeding plumage already during late winter. Adults and one immature bird roosting
at a spring staging site in March 2011. Photo: R. Parz-Gollner©.

3.8

3.8.1

Other issues

Modelling spatial effects of changes in population size and management

The original plan was to use modelling approaches in an attempt to try to predict how
cormorant numbers will develop in different parts of central and southern Europe as a
consequence of natural and/or management-induced changes in numbers in the
breeding areas, and vice versa. However, as discussed with DG Environment during
the work of the present project there is now clear evidence that cormorants are highly
dynamic in their choice of staging sites and wintering areas, and this made it very
difficult to model future scenarios with a reasonable certainty within the time and
resources available for the CormoDist project.
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Although knowledge of migratory connectivity provides some of the necessary
information to assess how changes in population size (management-induced or
natural) in specific wintering areas affect specific breeding areas, or vice versa, it is not
recommended to make such predictions in a dynamic system where the birds in
unpredictable ways change their migratory behaviour as observed in the present
study. So even though we currently have reliable estimates of the proportional
composition of wintering populations in specific areas, we do not feel confident that
we can predict how changes in one (breeding or wintering) area affect numbers in
other areas. Likewise we have not attempted to develop scenarios where we simulate
the immediate impact of population changes in one area on numbers of birds in other
areas. Such estimates of how the impact of a population increase (or decrease) in a
specific breeding area is distributed among wintering areas rely on very strict (and
often unrealistic) assumptions, including that the change in population size does not
affect the demography and behaviour of the birds. A more realistic assessment
requires a tool that can evaluate the outcome if these assumptions do not hold.
The ideal way to explore potential impacts of population change in a spatially explicit
setting is an individual-based (or agent-based) model (Grimm 1999, Bousquet & Le
Page 2004), where each individual is modelled and followed explicitly. However, such
models are difficult to construct and parameterise, and the time and resources
available within CormoDist did not allow the adoption of this approach.
A potentially useful alternative to direct calculations based on migratory connectivity
or using individual-based modelling would be to apply matrix population modelling
(Caswell 2001). The use of matrix population modelling can – under some conditions –
ensure more realistic predictions than the direct calculations based on migratory
connectivity. A matrix population model represents the size and composition (in terms
of age classes and spatial structure) at a given time and projects this to a later time
step using information on demography (survival and reproduction) and movements.
Assumptions about compensatory density-dependent changes in demography (e.g.
improved breeding success when population size is reduced) and adaptive behaviour
(e.g. attraction to ‘empty’ areas, or adverse reaction to disturbance or culling) can be
built into the model, and various scenarios explored. Previous work has included
construction of matrix population models for cormorants in Europe, without
(Frederiksen et al. 2001) or with a very simple spatial structure (Frederiksen et al.
2003). These models were used to explore various scenarios for population control.
In CormoDist, we ended up deciding not to extend these models to include a more
detailed spatial structure and estimates of migratory connectivity. This decision was
taken after seeing the outcomes of the analyses of recoveries and after discussions
with the IUCN/Cormorant Research Group and our scientific quality controller who
followed the project.

3.8.2

Use of artificial versus natural feeding areas

Providing an estimate of the proportion of autumn staging and wintering cormorants
that rely for foraging on natural wetlands and in artificial commercial fisheries such as
aquaculture is far from easy. For such considerations, “artificial commercial fisheries”
were assumed to simply refer to the extensive carp Cyprinus carpio aquaculture
ponds to be found across Europe. In practice, it was known that the ringing data used
in the CormoDist project would not offer an insight into the proportions of cormorants
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relying on natural versus artificial commercial fisheries. Similarly, it would be very
difficult to quantify (or even predict) the number (and, hence, proportions) of
cormorants that permanently or temporarily forage in artificially developed
commercial fisheries (i.e. aquaculture ponds) outside the breeding season.
Two further options were:
1. that knowledge about the number of cormorants counted in coastal wetlands
and in inland wetlands without fish farms might give a rough idea about the
minimum number of cormorants that cover their daily food requirements without
foraging at fish farms.
2. that by estimating the number of fish farms for certain countries or parts of Europe,
and combining these numbers with assumptions and knowledge about the
number of cormorants that on a daily basis forage at different types of fish farms,
and by scaling-up these estimates, a rough (if highly uncertain) overall estimate
could be derived. However, on further consideration, neither was found to be
useful or to offer meaningful biological insight.
After careful consideration (including discussions with the IUCN/Wetlands
International Cormorant Research Group), it was thus decided that the most
biologically meaningful way of explore the proportions of autumn staging and
wintering cormorants that rely for foraging on natural wetlands and in artificial
commercial fisheries (i.e. aquaculture) was to refer to published material on the
relationships between cormorants and their use of feeding habitats at specific water
bodies throughout Europe.

The plumage of first-year cormorants differs from that of older birds. First-year birds tend to
have more white feathers on the breast. Photo: F. Möllers.
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4 Migration and winter distribution
4.1

Cormorants from the Baltic Sea

4.1.1

Breeding population

The shallow waters and coasts along the Baltic Sea constitute the most important
breeding area for the sinensis sub-species of the Great Cormorant in Europe
(Bregnballe et al. 2014). In 2012 the countries around the Baltic Sea had 74% of the
breeding population found in Europe west of Russia-Belarus-Ukraine (including
Kaliningrad and the Russian part of the Gulf of Finland but excluding countries around
the Black Sea; Bregnballe et al. 2014). It is therefore of particular interest to understand
the migration patterns of the birds belonging to this part of the European breeding
population of cormorants.
The development of the breeding population in the countries around the Baltic Sea is
shown in Fig. 4.1.1. It is evident that the total number of breeding Great Cormorants
increased steadily from ca. 10,000 pairs in 1983 to ca. 160-170,000 pairs during 20062013. The initial population increase occurred in the western parts of the Baltic Sea
(Denmark, Germany, Sweden and Poland) and later on the ‘wave of expansion’
spread eastwards. Numbers continued to increase during the 1990s in Germany,
Sweden, Poland and Estonia whereas stabilization in breeding numbers was observed
in Denmark. In the early 2000s further eastward expansion was observed as breeding
numbers increased in the eastern Baltic regions, primarily in Finland and Estonia, while
declines were observed in Denmark and numbers stabilized in Germany, Sweden and
Poland. Combined with marginal increases in some of the eastern Baltic states (Latvia,
Lithuania and Russia) this resulted in a stabilisation of the population across the region.
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Figure 4.1.1. Development of the number of Great Cormorants breeding in the countries
around the Baltic Sea, 1983-2013. The region ‘East Baltic’ includes the countries/areas:
Russian part of the Gulf of Finland, Estonia, Latvia, Lithuania and Kaliningrad. For the
following countries breeding numbers were estimated for some of the years by
interpolation based on counts in previous and subsequent years: Norway, Sweden, Poland,
Russian part of the Gulf of Finland, Latvia, Lithuania and Kaliningrad.
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4.1.2

Overall patterns of distribution

The overall distribution patterns in late summer, during autumn and in winter of the
cormorants originating from breeding areas around the Baltic Sea are shown in Fig.
4.1.2. It is evident from these maps and Table 4.1.1 that a large proportion of the Great
Cormorants breeding around the Baltic Sea migrated in southerly and south-westerly
directions in autumn. It is also clear that the Baltic cormorants were found wintering
over most of Europe ranging from Portugal in the west to Romania in the east and
from Bergen (Norway) in the north to southern Tunisia in the south, i.e. covering
distances of more than 3000 km in both directions.
July-August

September

November

December-February

October

Figure 4.1.2. Recovery sites of Great Cormorants ringed in countries around the Baltic Sea (breeding areas no. 1-6) and
recovered as dead in July-August (post-breeding period), September, October, November and December-February,
1983/84-2013/14. The coloured areas indicate higher recovery density, with yellow identifying areas with the highest
densities.
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Table 4.1.1. Dispersal directions from ringing site to recovery site in first-year birds and older birds given for three timeperiods for Great Cormorants originating from the Baltic Sea region. The length of each segment relates to relative
frequency.
1-year-birds

Older birds

Jul.-Aug.

Sep.-Nov.
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Jul.-Aug.

Sep.-Nov.
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4.1.3

Denmark

The vast majority of the ringed cormorants from this breeding area were of Danish
origin. Thus 95.5% of the 4721 recovered cormorants originating from this breeding
area had been ringed in Denmark whereas 4.5% had been ringed in the sinensis
colonies in southern Norway. To make it easier, we therefore refer to the cormorants
from this breeding area as being of Danish origin.
The cormorants from this breeding area dispersed in all directions immediately after
the breeding season (Table 4.1.1). Older birds displayed a tendency to disperse in a
more southerly and southeasterly direction in the post-breeding period, whereas this
tendency was not seen among first-year birds. During the post-breeding period
(defined as July-August) over 90% of the recovered birds, originally ringed in Denmark,
were found inside the region covering the Baltic Sea and southern Norway (Table
4.1.2; see Fig. 3.3.2 for the definition of this area). Furthermore 50% of both first-year
birds and older birds recovered during the post-breeding period were found within
200 km of the original colony where they were ringed (Fig. 4.1.3). A small percentage
of birds migrated to more distant locations already in the post-breeding period, e.g. to
the Netherlands, Belgium, Germany, Switzerland and France (Fig. 4.1.3, Table 4.1.2).
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Figure 4.1.3. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in Denmark during 1974-2013 and recovered in 1983/84-2013/14
presented for each 10-day period during July-February.
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Autumn

Winter

E The Netherlands, Belgium, Germany
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4
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0
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0

0

0
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1
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0.9
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0
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0.5
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Finland

40.9 20.4 12.2

0.6

2.2 12.4

1.9

3.9

1.4

0

1.7

2.5
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3
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51.8 24.7

0.6
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0.3

3.6

3.0

1.5

0.3

6.5
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4

Poland

20.3 48.1 18.8

0

5
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1.8

3.1

1.1

6

Germany

47.6
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10.1 16.9 19.1

3
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4

Poland

5

Denmark

21.5

1.1 10.3

1.4

6

Germany

4.9

5.9 31.2

0

4.2

0
0

K North Africa

J Black Sea

H Italy

F France

Outside study area

2.3

81.9

I Balkan

91.3

Finland

G Spain and Portugal

Sweden

2

D United Kingdom

A Baltic Sea and S Norway

1

B Central East

Breeding area

Breeding area number
Post-breeding

C Switzerland and Germany

Table 4.1.2. Distribution of recoveries of Great Cormorants originating from different parts of the Baltic Sea region, given for
the post-breeding period (July-August), the autumn (September-November) and the winter (December-February), 1983/842013/14. Sample sizes are given in the last column. The delineation of the staging and wintering areas is shown in Fig. 3.3.2.
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During the autumn months, over two thirds of recoveries of cormorants of Danish origin
were from the Baltic Sea area (Table 4.1.2). Both age groups displayed a tendency to
migrate in a southwesterly direction (Table 4.1.1). Dispersal distance, determined by
the median distance between ringing location and recovery location, increased
noticeably from mid-October (ca. 400 km) to mid-November (ca. 1200-1400 km; Fig.
4.1.3). This indicates that a large percentage of cormorants did not begin to leave the
post-breeding areas before mid-October. The dispersal distance suggested that many
birds had arrived at the overwintering areas around mid-November (Fig. 4.1.3).
During the winter months cormorants of Danish origin were widely distributed across
western and central Europe. This is also evident from Fig. 4.1.4 and Appendix 5.2. In
winter large proportions of the ringed birds were recovered in France, the western part
of the Baltic Sea, Switzerland and Germany and in the Netherlands and Belgium
(Table 4.1.2).
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Figure 4.1.4. Recovery sites of Great Cormorants ringed in Denmark (left) and Germany
(right) and recovered as dead in July-August (post-breeding period), September, October,
November and December-February, 1983/84-2013/14. The coloured areas indicate
higher recovery density, with yellow identifying areas with the highest densities.

A smaller percentage of birds were recovered in Spain and Portugal and in North
Africa. Very few birds were recovered on the Balkan Peninsula, especially after the
mid-1990s. The corrected estimate of the winter distribution of Danish cormorants
among the 11 defined staging and wintering areas is given in Appendix 5.2 with three
5(6)-year periods as examples.
The median dispersal distance peaked in early December at ca. 1400 km (Fig. 4.1.3).
The apparent decrease in dispersal distance observed during the winter months in
both age groups (Fig. 4.1.3) may have occurred because of higher mortality in the
northern areas in mid-winter and late in winter and/or because some of the birds
departed from the wintering grounds already in mid- and late winter.
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The winter distribution of cormorants of Danish origin has changed markedly over the
years. The main tendency has been towards a decline in the use of the wintering
areas in Spain-Portugal, Italy and on the Balkan Peninsula and an increase in the use
of wintering areas in the Netherlands, Belgium and France. Some of these changes
are described in Appendix 5.2.
Further descriptions of migration patterns in cormorants of Danish origin can be found
in Bregnballe et al. (1997) and Bregnballe & Rasmussen (2000).

4.1.4

Germany

Great Cormorants of German origin displayed a similar dispersal pattern to Danish
cormorants in the post-breeding season. However a greater proportion of first-year
birds travelled in a south-easterly direction, with older birds dispersing in a more
southerly direction (Table 4.1.1). Similar to the Danish cormorants, during the postbreeding period more than 50 % of both age groups were found within 200 km of the
ringing colony (Fig. 4.1.5). The majority of birds were recovered in the Baltic Sea area
(66%) and in Switzerland and Germany (21%) at this time of the year (Table 4.1.2).
Smaller proportions were recovered in the Netherlands and Belgium (7%), the Central
East area (4%) and France (1%); see also Fig. 4.1.4.
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Figure 4.1.5. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in Germany during 1974-2013 and recovered in 1983/84-2013/14
presented for each 10-day period during July-February.

During the autumn months almost 50% of the cormorants of German origin were found
in the Baltic Sea area (Table 4.1.1). Similar to cormorants of Danish origin, the dispersal
distance increased noticeably in October, especially among first-year birds (Fig. 4.1.5).
Older birds tended to show an increase in dispersal distance already in September
(Fig. 4.1.5), maybe suggesting an age related difference in timing of departure for the
wintering grounds. Similar to cormorants of Danish origin, the stabilisation in the
median dispersal distance observed in November suggests arrival at the wintering
grounds of a large proportion of German birds already by mid-November.
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Cormorants of German origin overwintered mainly in central Europe with the majority
of birds recovered in Switzerland and Germany (31%), France (21%) and Italy (14%;
see also Fig. 4.1.4 and Appendix 5.2). Compared to birds of Danish origin, German
cormorants dispersed over a smaller area and fewer birds overwintered in the
northern and most western parts of Europe. The median dispersal distance peaked at
900-1000 km in December and remained relatively constant during the winter months
(Fig. 4.1.5).
See also Herrmann et al. (2015) and references herein for a more detailed description
of migration patterns of cormorants of German origin. The paper by Herrmann et al.
(2015) also describes the marked changes that have taken place in where German
cormorants stay in Europe during winter. Some of these changes can also be seen
from the pie charts in Appendix 5.2.

4.1.5

Sweden

During the post-breeding period Great Cormorants of Swedish origin dispersed
primarily in southerly and westerly directions. First-year birds dispersed in more
westerly directions, while older birds were more widely dispersed (Table 4.1.1). Older
cormorants of Swedish origin travelled apparently further from the ringing site in the
post-breeding period than either Danish or German birds (Fig. 4.1.6). Similar to birds of
Danish origin more than 90% of the Swedish population remained in the Baltic Sea
area during the post-breeding period, with the majority of birds recovered in Denmark
and Sweden (Fig. 4.1.7). A small number of birds had apparently migrated as far as
France and Spain already during post-breeding (Table 4.1.2, Fig. 4.1.7).
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Figure 4.1.6. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in Sweden during 1982-2013 and recovered in 1983/84-2013/14
presented for each 10-day period during July-February.
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Figure 4.1.7. Recovery sites of Great Cormorants ringed in Sweden (left) and Poland (right)
and recovered as dead in July-August (post-breeding period), September, October,
November and December-February, 1983/84-2013/14. The coloured areas indicate
higher recovery density, with yellow identifying areas with the highest densities.

Similar to cormorants of Danish origin, during the autumn months almost two thirds
(64%) of the Swedish population were recovered in the Baltic Sea area (Table 4.1.2).
The median dispersal distance increased after mid-September (Fig. 4.1.6) which was
earlier than observed among birds of Danish origin. The median dispersal distance in
birds of Swedish origin peaked in late November at ca. 1800 km (Fig. 4.1.6).
During the winter months cormorants of Swedish origin were widely distributed in
Europe (Fig. 4.1.7, Appendix 5.2). The majority of recoveries were from France (29%),
the Baltic Sea area (21%), Switzerland and Germany (15%) and Italy (11%). A small
proportion of birds were recovered as far south as North Africa (6%) and Spain and
Portugal (4%). When compared to birds of Danish origin, Swedish birds travelled
further to reach their wintering grounds (compare Fig. 4.1.3 and 4.1.6). Additionally a
larger proportion of Swedish cormorants overwintered in the central-eastern parts of
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Europe, in Czech Republic, Austria, Slovakia, Croatia and Hungary (Fig. 4.1.7 and
Appendix 5.2). Similar to the pattern observed in cormorants of Danish origin, a decline
was observed in the median dispersal distance from December to February.
Changes in the wintering distribution of cormorants of Swedish origin includes a
decrease in the proportion wintering on the Balkan Peninsula and an increase in the
proportion wintering in the western Baltic Sea (see Appendix 5.2).

4.1.6

Poland

The total number of recoveries of cormorants of Polish origin was fairly small
compared with the number of recoveries from some of the other breeding areas
around the Baltic Sea (Table 4.1.2).
Polish cormorants dispersed mainly in northwesterly and southerly directions during
the post-breeding period (Table 4.1.1, Fig. 4.1.7). First-year birds tended to disperse
more in a northwesterly direction, whereas older birds were more scattered in their
dispersal pattern, with a larger proportion dispersing towards the south and east
during post-breeding period but sample sizes were small (Table 4.1.1). During the
post-breeding period 36% of the cormorants of Polish origin were recovered in the
Baltic Sea area (Table 4.1.2), contrasting with over 90% of birds originating in Denmark
and Sweden and 66% of the German population. Furthermore, contrasting to
cormorants of Danish, Swedish and German origin, only a small proportion was
recovered in the western parts of the Baltic Sea area, i.e. around the Kattegat area in
Denmark (Fig. 4.1.7). Instead, the majority were recovered in the German and Polish
areas of the eastern Baltic Sea (Fig. 4.1.7). Furthermore over half of the cormorants of
Polish origin were recovered in the area including Switzerland, Germany and Central
East during the post-breeding period (Table 4.1.2). However despite the difference in
recovery location during the post-breeding period, the dispersal distance was
comparable to other Baltic breeding populations, at least in first-year birds. Similar to
birds from Denmark, Germany and Sweden 50% of the first-year birds stayed within a
distance of up to 200 km to the ringing site during the post-breeding period (Fig. 4.1.8).
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Figure 4.1.8. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in Poland during 1979-2013 and recovered in 1983/84-2013/14
presented for each month during July-February.
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During the autumn months a similar tendency was observed: Relatively few recoveries
of cormorants of Polish origin were from the Baltic Sea area (20%) whereas a large
proportion of recoveries were from the Central East area (48%, Table 4.1.2, Fig. 4.1.7).
This is in contrast to the distribution of recoveries of cormorants from Denmark,
Germany and Sweden. First-year cormorants and older cormorants of Polish origin
showed a more gradual departure from the post-breeding areas than birds of Danish,
German and Swedish origin (Fig. 4.1.8). There seemed to be a difference in dispersal
direction during the autumn months between the first-year birds and older birds. Firstyear birds dispersed from the north over west to the south, while older birds dispersed
primarily from west over south to east (Table 4.1.1).
During the winter months cormorants of Polish origin were recovered primarily in the
southern parts of central and eastern Europe, in a relatively small geographical area
when compared to other Baltic populations (Table 4.1.2, Fig. 4.1.7). The majority of
recoveries were from the Balkan area (26%), Italy (19%) and the Central East area (17%).
During the winter months, Poland had a fairly high percentage of recoveries in North
Africa (11%). A small proportion of birds were recovered in the northern and western
parts of Europe, with only 2 birds recovered in the Baltic Sea area (Table 4.1.2).

4.1.7

Finland

Among the adult cormorants of Finnish origin, some were recovered very far from the
breeding areas already in July-August whereas the vast majority of first-year birds
stayed fairly close to the breeding areas at this time of the year (Fig. 4.1.9). By July, half
of the older birds were recovered more than 1000 km from the original ringing site
(see section 4.1.9 for a discussion of the possible reasons behind these differences).
Half of the first-year birds reached a similar distance in September. Similar to
cormorants of Swedish and Danish origin the majority of the Finnish population (82%)
were recovered in the Baltic Sea area during July and August (Table 4.1.2), however,
the majority were recovered in the eastern Baltic Sea area (Fig. 4.1.10).
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Figure 4.1.9. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in Finland during 1997-2013 and recovered in 1997/98-2013/14
presented for each month during July-February.
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Figure 4.1.10. Recovery sites of Great Cormorants ringed in Finland (left) and the East Baltic
(right) and recovered as dead in July-August (post-breeding period), September, October,
November and December-February, 1983/84-2013/14. The East Baltic includes the
countries/areas: Russian part of the Gulf of Finland, Estonia, Latvia, Lithuania and
Kaliningrad. The coloured areas indicate higher recovery density, with yellow identifying
areas with the highest densities.

During the post-breeding period cormorants of Finnish origin dispersed primarily in
westerly and southwesterly directions across a large geographical area (Table 4.1.1,
Fig. 4.1.10). Compared to birds of Swedish origin, first-year birds from Finland
displayed a similar dispersal pattern (west-southwest), whereas older birds were more
restricted in their dispersal direction (southwest). For both age groups the southwestern
dispersal pattern became more pronounced during the autumn and winter months
(Table 4.1.1, Fig. 4.1.10).
Cormorants from Finland departed for the overwintering grounds before populations
from other Baltic countries. The recoveries suggested that by September almost half
the Finnish population had arrived at the wintering areas located in area Central East

EU / DG ENV SERVICE CONTRACT
O
N 070307/2013/657707/ETU/B3

DCE - DANISH CENTRE FOR ENVIRONMENT AND ENERGY
AARHUS UNIVERSITY

(20%), France (12%) and Switzerland and Germany (12%); only 40% were recovered in
the area around the Baltic Sea (Table 4.1.2).
Cormorants of Finnish origin flew further to overwintering grounds than birds from other
Baltic countries, with a peak in the median dispersal distance in December of ca. 2100
km for both age groups (Fig. 4.1.9). The Finnish cormorants appeared to occupy a similar
range of wintering areas as Danish and Swedish cormorants (Fig. 4.1.10), but the
cormorants of Finnish origin were overwintering further east than Swedish and Danish
cormorants: 17% of the winter recoveries of Finnish cormorants came from the Central
East area, compared to 4% of Swedish birds and only 1% of Danish birds. In contrast only
half as many birds of Finnish origin overwintered around the Baltic Sea (10%) compared
to birds of Swedish (21%) and Danish origin (22%). The proportion of Finnish birds
wintering in Central East and Switzerland and Germany increased between 1998/992002/03 and 2008/09-2013/14 (see Appendix 5.2).

4.1.8

East Baltic

The majority of the Great Cormorants that were ringed in the East Baltic area and later
recovered had been ringed in Estonia (560 recoveries) and the Russian part of the
Gulf of Finland (229 recoveries) whereas only a small number had been ringed in
Lithuania (16 recoveries) and Latvia (9 recoveries; see also Fig. 3.5.2).
After the breeding season dispersal was mainly in southwesterly directions (Table
4.1.1, Fig. 4.1.10) and this was most pronounced among first-year birds. Similar to birds
of Finnish origin, many of the birds ringed in the East Baltic area were recovered at
long distances from the ringing site during the post-breeding period (the median
ranging from 200 to 700 km, Fig. 4.1.11). Similar to birds of Finnish origin, the majority
of birds of East Baltic origin (72%) were recovered inside the Baltic Sea area during
July and August (Table 4.1.2), but few were recovered in the western Baltic Sea area
(Fig. 4.1.10). Some cormorants did migrate to quite distant locations already during the
post-breeding period (Fig. 4.1.10).
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Figure 4.1.11. Median distance from ringing site to recovery site for first-year and older
Great Cormorants ringed in the East Baltic during 1987-2013 and recovered in 1988/892013/14 presented for each month during July-February.
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Among cormorants from the East Baltic area, a sharp increase in the median dispersal
distance was observed between September and October (from 450 km to 1300 km).
Half of all recoveries (52%) from September to November were from countries around
the Baltic Sea. The remainder came from the Czech Republic, Austria, Slovakia,
Croatia and Hungary.
The recoveries of East Baltic birds during the winter months were fairly concentrated to
central and eastern Europe (Fig. 4.1.10), similar to the pattern observed for birds of
Polish origin. Over one third of the winter recoveries came from the Balkan area (20%)
and Italy (15%). The median dispersal distance suggested that half of the cormorants
ringed in the East Baltic area travelled more than 1700 km to reach their
overwintering grounds (Fig. 4.1.11) and they occupied areas as far south as Greece
and Tunisia (Fig. 4.1.10).

4.1.9

Discussion

Great Cormorants ringed in countries surrounding the Baltic Sea displayed both
similarities and differences in dispersal direction, timing, distance migrated and
distribution among overwintering areas.
Post-breeding period: After the end of the breeding season, between July and August,
cormorants initially stayed close to the breeding areas. This pattern was most evident
among cormorants originating from the western and central parts of the Baltic Sea
area whereas cormorants of a more northeastern origin travelled further during the
first months after the breeding season. A difference was also observed between the
more northerly and southerly breeders with fewer cormorants of German and Polish
origin remaining in the Baltic Sea area (66% and 36% respectively), compared to birds
of Danish (93%), Swedish (91%), Finnish (82%) and East Baltic origin (73%).
The huge difference observed in the median dispersal distance between first-year
birds and older birds of Finnish origin (Fig. 4.1.9) may be the combined result of an
earlier departure for the wintering grounds among adults and recoveries of individuals
that had stayed south and southwest of Finland during the breeding season, either as
over-summering non-breeders or as breeders that had settled to breed in colonies
outside of Finland.
The initial dispersal, immediately after the breeding season, was broadly scattered in
all directions among breeders from more southern latitudes (e.g. Denmark, Germany
and Poland) whereas a more focused pattern in a specific direction was observed in
more northern and northeastern breeders (e.g. Sweden and Finland). In general
younger birds (first-year birds) dispersed across a wider spectrum of directions, while
older birds travelled in a more specific direction during the post-breeding period.
Differences in dispersal behaviour between first-year birds and older birds are
described for cormorants of Danish origin in Bregnballe & Rasmussen (2000).
Autumn: Between September and November almost half of the cormorants of Baltic
origin seem to have remained in the Baltic Sea area (ca. 40-70% of the recoveries,
excluding Poland). Cormorants of Polish origin displayed a different tendency, with
almost half of all recoveries coming from the Central East area during the autumn
months.
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Cormorants from the Baltic countries displayed differences in the timing of departure
from the post-breeding areas towards the wintering grounds. Older birds from Finland
were the first to depart, with high dispersal distances observed already in July and
August. First-year birds of Finnish origin followed the older birds, departing in August. In
September cormorants from Germany (older birds), Sweden and the East Baltic
countries left the post-breeding areas. Finally in October birds of Danish origin along
with first-year birds from Germany and Poland began to migrate. There seemed to be
an age-related difference in the timing of departure in cormorants from Finland,
Poland and Germany, with older birds migrating before first-year birds. This tendency
was not observed in Denmark, Sweden or the East Baltic countries. The median
recovery distances suggested that a large proportion of the birds from the Baltic Sea
area had reached their wintering areas by mid-November but it was also clear that
many birds were moving further south during November-December (see Figs 4.1.3,
4.1.6, 4.1.8, 4.1.9, 4.1.11).
During the autumn months the dispersal direction became more focused in a southsouthwesterly direction, especially among populations originating from Finland and
the East Baltic area. Cormorants from Denmark and Germany continued to have a
more broad dispersal pattern compared to the populations from other Baltic counties.
In general the dispersal patterns were similar among first-year and older birds, except
among birds of Polish origin, where first-year birds dispersed more often in a northnorthwest direction compared to older birds.
Winter: Cormorants originating from the Baltic countries were widely dispersed across
Europe during the winter with some remaining close to the breeding areas in the
Baltic Sea whereas other migrated to wetlands located along the Atlantic Ocean, in
central Europe or to the Mediterranean including the coastal areas and even inland
wetlands in North Africa (Fig. 4.1.2).
Cormorants of Danish, Swedish and Finnish origin displayed a fairly broad distribution
pattern during the winter months with cormorants widely distributed across northern,
western and parts of central Europe. A large proportion of cormorants from these three
countries were recovered in France (24-33%; see Appendix 5.2 for estimates corrected
for spatiotemporal variation in recovery probabilities). A smaller proportion of the
Finnish population overwintered in the northern parts of Europe around the Baltic Sea.
Furthermore birds of Swedish and Finnish origin travelled to wintering areas further
east when compared to the Danish population. Cormorants of German origin were
distributed over a more restricted geographical area, centered around central Europe.
Fewer cormorants of German origin overwintered in the northern parts of Europe (5%
in the Baltic Sea area) and almost one third overwintered in the Switzerland and
Germany area (31%) with a further 14% in Italy (but see Herrmann et al. (2015) for a
more complete description of the winter distribution of German cormorants).
Cormorants of Polish and East Baltic origin displayed some similarities in overwintering
dispersal patterns. A large proportion of birds from both regions were recovered from
the Balkan area (20-26%), the Central East area (16-22%) and from Italy (15-19%).
However cormorants of East Baltic origin were more widely dispersed during the
winter, with a larger proportion overwintering in the Baltic Sea area, in western Europe
and south along the Balkan Peninsula.
Approximately 20% of the winter recoveries of cormorants from Denmark and Sweden
were from the Baltic Sea area, but this figure was much lower among populations
originating from central and eastern Baltic countries (1-12%), which appear to have a
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higher tendency to migrate away from their region of breeding. This is not surprising
since the northeast and eastern parts of the Baltic Sea region are covered in ice during
shorter or longer periods in most winters. Cormorants from the northern parts of Europe
(Denmark, Sweden, Finland and Germany) commonly overwintered in western
Europe (20-33% in France), however this figure is much lower among cormorants of
Polish and East Baltic origin (e.g. 3-10% in France). However a larger proportion of
cormorants of Finnish, Polish and East Baltic origin overwintered in the Central East
area (16-22%), when compared with cormorants from the western Baltic countries.
Approximately one quarter of birds of East Baltic and Polish origin overwintered in the
Balkan area (20-26%), while numbers were much lower among cormorants from other
Baltic countries (less than 7%).
Cormorants of Finnish, Swedish and East Baltic origin travelled furthest to the wintering
grounds with median distances from 1800 to 2100 km reported in the winter months.
Populations from Denmark, Germany and Poland travelled less, with median distances
ranging from 1100 km to 1400 km. An apparent age-related difference in migration
distance was observed among cormorants from Poland where the median dispersal
distance among first-year birds was ca. 300 km further than for older birds.
Among two populations, from Denmark and Sweden, a decline in dispersal distance
was observed during the winter months. It is unclear whether this was a result of early
departure from the wintering grounds or merely that mortality rates are higher in
northern areas in late winter.

4.2

4.2.1

Cormorants from the Netherlands, Belgium and France

Breeding population

Overall breeding numbers in this part of Europe increased from around 9000 pairs in
1983 to 34,000 pairs in 2010 (Fig. 4.2.1). The Netherlands have had the largest
numbers of breeders throughout the 31 years covered by this study. The Dutch
breeding population increased during the 1980s to a preliminary peak of 21,000 pairs
in 1992-1993. After a ‘crash’ in breeding numbers in 1994 to 15,000 pairs, numbers
began to increase again and a fairly stable number of cormorants (22,000-24,500
pairs) were breeding during 2002-2013. The Belgian breeding population increased
from 36 pairs in 1993 to 1650 pairs in 2006 where after breeding numbers stabilized.
The breeding population in France increased from 950 pairs in 1983 to app. 9000
pairs in 2013. Some of the cormorants breeding in France belong to the Atlantic subspecies Ph. c. carbo of the Great Cormorant (Marion 2014).

EU / DG ENV SERVICE CONTRACT
NO 070307/2013/657707/ETU/B3

DCE - DANISH CENTRE FOR ENVIRONMENT AND ENERGY
AARHUS UNIVERSITY

France
The Netherlands & Belgium

30000
24000
18000
12000

2013

2010

2004

2001

1998

1995

1992

1989

0

1986

6000

1983

Number of breeding pairs (nests)

36000

2007

54

Figure 4.2.1. Development of the number of Great Cormorants breeding in the Netherlands
and Belgium (breeding numbers combined for these two countries) and in France, 19832013. In 14 of the 31 years the breeding numbers given for France were based on
interpolation due to the absence of country wide counts of breeding colonies.

4.2.2

The Netherlands and Belgium

The vast majority of the ringed cormorants from this breeding area were of Dutch
origin. Thus 98.3% of the 1130 recovered cormorants originating from this breeding
area had been ringed in the Netherlands whereas 1.7% (19) had been ringed in
breeding colonies in Belgium (see also Fig. 3.5.3). To make it easier, we therefore refer
to the cormorants from the Netherlands and Belgium as being of Dutch origin.
After the end of the breeding season, in July-August, dispersal in all directions was
observed, but dispersal in northeastern directions dominated among the first-year
birds (Table 4.2.1). The high occurrence of dispersal in northeastern directions during
the post-breeding period was mainly the due to movement of Dutch cormorants to the
Baltic region of Germany (Fig. 4.2.2).
Table 4.2.1. Dispersal directions from ringing site to recovery site in first-year birds and older birds given for three timeperiods for Great Cormorants originating from the breeding area covering the Netherlands and Belgium. The length of
each segment relates to relative frequency.
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Figure 4.2.2. Recovery sites of Great Cormorants ringed in the Netherlands and Belgium
and recovered as dead in July-August (post-breeding period), September, October,
November and December-February, 1983/84-2013/14. The coloured areas indicate
higher recovery density, with yellow identifying areas with the highest densities.

Despite this dispersal of some of the birds, 50% of the Dutch cormorants recovered
during July-August were found within 110 km of the colony were they were ringed
(Fig. 4.2.3). This suggests that compared to other countries Dutch cormorants largely
remained near to the breeding areas during the post-breeding period. During this
period 78% of the birds (first-year birds and adults combined) were found inside the
region covering the Netherlands, Belgium and NW Germany (area E in Fig. 3.3.2).
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Figure 4.2.3. Median distance from ringing site to recovery site for first-year and older Great
Cormorants ringed in the Netherlands and Belgium during 1983-2013 and recovered in
1983/84-2013/14 presented for each month during July-February.

The movements of Dutch birds to France increased from the post-breeding period to the
autumn, i.e. 4% of the recoveries made during July-August were from France whereas the
proportion was 30% during September-November (Table 4.2.2). Despite the movements in
south and southwesterly directions by some birds during the autumn (Table 4.2.1), a large
number of Dutch cormorants (43% of the recoveries) were still found in the Netherlands,
Belgium and NW Germany in the autumn months (Table 4.2.2). Dutch cormorants were
also recovered in Danish and northeast German waters in September-October (Fig. 4.2.2)
and overall for the autumn months, 20% of the recoveries were from the southwestern part
of the Baltic area (Table 4.2.2). By November a large proportion of the Dutch cormorants
were recovered in France (61%, see also Fig. 4.2.2).
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Table 4.2.2. The distribution of recoveries of Great Cormorants originating from the Netherlands and Belgium (area 7)
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The winter distribution of recoveries of Dutch cormorants is shown in Fig. 4.2.2 and
Table 4.2.2. These suggest that cormorants of Dutch origin were present in an area
ranging from England in the northwest, southern Denmark in the northeast, Italy and
Tunisia in the east and south, and southern Spain in the southwest. Within this part of
Europe the Dutch cormorants were present in largest numbers in the Netherlands,
Belgium and France according to the distribution of recoveries. The corrected estimates
(see Appendix 5.2) suggested that the proportion of adult Dutch cormorants that were
wintering in the Netherlands, Belgium and NW Germany increased from 1990 to 2010.
The median distance between ringing sites and recovery sites declined after December,
possibly because some of the Dutch birds moved closer to the breeding areas in late
winter (cf. van Eerden & Munsterman 1986), although there may also have been higher
mortality among the cormorants staying in the northern areas in mid-winter and late in
winter than among those wintering further south. There appeared to be a difference in
the median distance between first-year birds and adults in December-February (Fig.
4.2.4) suggesting that among Dutch cormorants first-year-birds were wintering further
south than older birds (cf. van Eerden & Munsterman 1986).

4.2.3

France

The cormorants that were ringed in France and later recovered had all been ringed as
chicks in breeding colonies located in western France (see Fig. 3.5.3). Some of the
chicks ringed and later recovered were from colonies where the Atlantic sub-species
Ph. c. carbo of the Great Cormorant is breeding. The results presented here are
therefore a mix of recoveries of the sinensis and carbo sub-species .
The distribution of the recoveries during July-September, October-November and
December-February is shown in Fig. 4.2.4. It is evident from these maps and Table 4.2.3
that some of the French cormorants dispersed in northern directions (e.g. to England)
and in northeastern directions (e.g. to Belgium and The Netherlands and even Denmark)
during the post-breeding season and the autumn. These countries located to the north
and northeast of the breeding areas were also used as wintering areas by cormorants
originating from France. Cormorants of French origin were recorded in Spain and
Portugal during October-November and during the winter months (Fig. 4.2.4).
Table 4.2.3. Dispersal directions from ringing site to recovery site in first-year birds and older birds given for three
time-periods for Great Cormorants originating from France. The length of each segment relates to relative
frequency.
Jul.-Aug.

Sep.-Nov.

Dec.-Feb.

28

29

40

France
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Figure 4.2.4. Recovery sites of Great Cormorants ringed in France and recovered as dead in July-September, OctoberNovember and December-February, 1983/84-2013/14.
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4.3

Cormorants from Central Europe and the Adriatic

4.3.1

Breeding population

The exact development of the breeding population in this region is not known
because of lack of annual counts of nests in some of the breeding colonies in the
region. The lack of coverage was most pronounced in Croatia and Hungary, and we
used interpolation to correct for the missing information. Breeding numbers have been
fairly stable in Croatia with between 2600 and 5000 breeding pairs, and Croatia has
had the largest numbers of breeders up until 2012 (Fig. 4.3.1). The breeding
population in northern Italy increased slowly from approximately 35 pairs in 1983 to
1560 in 2005, and thereafter numbers increased to 4500 pairs in 2012. The breeding
population in the Czech Republic has been small throughout the study period, with
50-116 pairs during 1983-1985 and 163-682 pairs during 1986-2013. The Great
Cormorant began to breed in Switzerland in 2001 and numbers had increased to
1500 pairs in 2014.
12000
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Northern Italy
Czech Republic
Hungary & Croatia
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Figure 4.3.1. Development of the number of Great Cormorants breeding in Hungary and
Croatia, the Czech Republic, Italy and in Switzlerland, 1983-2013. Counts were conducted
annually in the Czech Republic and Switzlerland but not in Croatia, Hungary and Italy, and
for these three countries breeding numbers were for some of the years based on
interpolation.

4.3.2

Switzerland

There were only a few recoveries of Swiss cormorants from the post-breeding period,
but the 29 recoveries from September-November suggested that most birds moved in
a southwestern direction in autumn, i.e. to France and Spain (Table 4.3.1 and 4.3.2; Fig.
4.3.2). There were only two recoveries from northern Italy. In winter the Great
Cormorants of Swiss origin were primarily found in France, Spain, Morocco and Algeria
(Table 4.3.2, Fig. 4.3.2). See also Antoniazza et al. (2012) for a description of the
migration patterns of Swiss cormorants.
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Table 4.3.1. Dispersal directions from ringing site to recovery site in first-year birds and older birds given for three timeperiods for Great Cormorants originating from breeding areas in central and eastern Europe. The length of each
segment relates to relative frequency.
Jul.-Aug.

Sep.-Nov.

Dec.-Feb.

29

68

52

84

21

61

51

44

Switzerland and
Austria

Czech Republic

Croatia. Hungary.
Slovakia and Serbia
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Postbreeding

9 Switzerland and Austria

Winter

0

Outside study area

K North Africa

J Black Sea

I Balkan

H Italy

G Spain and Portugal

F France

E The Netherlands, Belgium, Germany

D United Kingdom

C Switzerland and Germany

N

0

60

0

0

0

40

0

0

0

0

0

5

10 Italy

33.3 66.7

0

0

0

0

0

0

0

0

0

0

3

11 Czech Republic

11.5 51.9 36.5

0

0

0

0

0

0

0

0

0 52

4.9

0

0

0

0

0 13.1

0

0

0 61

12 Croatia, Hungary and Slovakia
Autumn

B Central East

Breeding area

A Baltic Sea and S Norway

Breeding area number

Table 4.3.2. The distribution of recoveries of Great Cormorants originating from the Switzerland and Austria (area 9), Italy
(area 10), the Czech Republic (area 11) and Croatia and Hungary (area 12), given for the post-breeding period (JulyAugust), the autumn (September-November) and the winter (December-February), 1983/84-2013/14. Sample sizes are
given in the last column. The delineation of the staging and wintering areas is shown in Fig. 3.3.2.
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Figure 4.3.2. Recovery sites of Great Cormorants ringed in Switzerland and recovered as dead in July-September,
October-November and December-February, 2004/05-2013/14.
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Czech Republic

The post-breeding dispersal of the Great Cormorants of Czech origin was mainly in a
north-northwestern direction (Table 4.3.1) to Germany and Denmark (Fig. 4.3.3). Most
of the 84 recoveries from October-November were from the Czech Republic, Hungary
and Croatia (Fig. 4.3.3). The recoveries from late summer and autumn were mainly of
birds that had been shot (Table 3.5.7). There were 21 winter recoveries and these
suggested that cormorants from the Czech Republic were wintering both to the
southwest and southeast of the breeding areas (Table 4.3.1) with recoveries coming
from southern Germany, Switzerland, Italy and especially from the Balkan Peninsula
(Table 4.3.2). Overall the recoveries indicated that a fair proportion of the cormorants
of Czech origin had travelled north in the post-breeding period and then later in the
autumn had travelled south to spend the winter in central Europe or on the Balkan
Peninsula. It is uncertain whether these patterns would have differed if the proportion
of birds recovered as shot had been much smaller.
See also Musil et al. (1997) for a description of the movements of cormorants from the
Czech Republic.

Great Cormorants occur in largest numbers in areas with extensive shallow waters and sandbanks are frequently used as
safe roosting sites during daytime and night. Photo: F. Möllers.
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Figure 4.3.3. Recovery sites of Great Cormorants ringed in the Czech Republic and recovered as dead in July-September,
October-November and December-February, 1985/86-2013/14.
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Croatia and Hungary

The cormorants originating from this breeding area for which we have recoveries
were a mix of birds from Croatia (72 recoveries), Hungary (67 recoveries) and Serbia
(10 recoveries). The location of the colonies were these birds were ringed is given in
Fig. 3.5.4.
As observed among the cormorants from the Czech Republic the majority of the
cormorants recovered in the post-breeding period had moved to the north of the
breeding areas (Table 4.3.1), e.g. to northeast Germany, Poland and the Czech
Republic, although many were also recovered in Hungary and Croatia (Fig. 4.3.4,
Table 4.3.2). The recoveries from October-November suggested that some of the birds
had remained in the areas to the north of breeding areas and that migration to the
south was not necessarily taking place before late autumn or early winter (Fig. 4.3.4,
Table 4.3.1). The 44 winter recoveries were mainly from the Balkan Peninsula
(including Greece), but there were also recoveries from Italy and coastal areas in
Tunisia and Egypt (Fig. 4.3.4, Table 4.3.2).

Great Cormorants spend many hours roosting at safe locations and they prefer to roost very close to water. This roosting
site is dominated by first-year birds. Photo: S. Ortmann.
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Croatia and Hungary
July-Sep.
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Figure 4.3.4. Recovery sites of Great Cormorants ringed in Croatia and Hungary and
recovered as dead in July-September, October-November and December-February,
1983/84-2013/14. The maps include 10 recoveries of cormorants ringed in Serbia.

4.3.5

Italy

The number of Great Cormorants that were ringed in Italy and later recovered between
July and February amounted to only 21. Three of the recoveries from July were from
Germany and the Czech Republic suggesting that also cormorants from north Italy may
disperse in northern directions during post-breeding. The recoveries from OctoberNovember were from Germany (2 recoveries) and Italy (7 recoveries). The remaining
nine recoveries were from December-February and these cormorants had been
recovered in northern Italy except for one bird that was found in Tunisia (Fig. 4.3.5).
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Figure 4.3.5. Recovery sites of Great Cormorants ringed in Italy and recovered as dead
between July and February, 1996/97-2010/11.
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4.4

Factors affecting migration routes and winter distribution

4.4.1

Introduction

The migratory behaviour of cormorants and their choices of where to stopover and
overwinter can be expected to vary depending on a range of internal and external
factors such as the genetic pre-determination of migration direction, the age and sex
of the individual, the presence of physical barriers, the spatial distribution of wetlands,
year-to-year variation in the climate, food availability and availability of safe roosting
sites and night roosts.
We used some of the collated data to explore degrees of variability in how
cormorants are distributed outside the breeding season, and we tried to identify some
of the factors that have influenced the patterns we observe in the distribution of
cormorants in Europe during post-breeding, autumn and winter.

4.4.2

Factors affecting migration routes and choice of wintering area

During the analyses of the recoveries of cormorants found dead we found evidence
for effects of the following factors on the distribution of cormorants in Europe during
post-breeding, autumn and/or in winter:
•

Sex-related differences in migration distance and choice of wintering area was
found among adult cormorants of Danish origin. Due to the large number of
Danish cormorants that had been sexed we were able to compare the distance
between the ringing site and the recovery site or resighting site for 413 females
and 512 males in winter. We found a difference in the median distance between
the ringing site and the wintering site of 217 km, i.e. females migrated 30% further
south than males (916 km for females vs 699 km for males). There was no
difference between the sexes in the median dispersal and migration distance
during the post-breeding period or during the autumn. We also found that the
percentage of males was highest among those wintering in the northern areas
and in central Europe and lowest in Italy, Spain-Portugal and France (Table 4.4.1).

Table 4.4.1. The proportion (%) of males among Danish-ringed cormorants recovered or
resighted in eight different wintering areas. Individuals are only included once.
Area
% males
N
Denmark, Sweden

70.1

87

Germany

64.0

186

Switzerland, Austria

53.3

135

The Netherlands

55.8

165

Belgium, Luxembourg

61.3

62

France

49.5

202

Spain, Portugal

51.3

39

Italy

33.8
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The geographical location of the breeding colony both on an east-west axis and
in relation to the outline of the nearby coastal areas. The effect of this was that
cormorants originating from colonies that were located within a distance of for
example 100 km could show quite different patterns of distribution outside the
breeding season. Some of the results are presented in Bregnballe et al. (2015).
These findings were in concordance with Bregnballe & Rasmussen (2000),
Reymond & Zuchuat (1995), L. Marion (unpubl.).

•

The presence of barriers in the form of extensive areas of open sea, land or
mountains. These findings were in concordance with Coulson & Brazendale
(1968), Bregnballe et al. (1997), Bregnballe & Rasmussen (2000) and Voisin &
Posse (2005).

•

The geographical location of attractive feeding areas. It was evident from the
distribution of recoveries that large shallow waterbodies were attractive to Great
Cormorants during the post-breeding period, in autumn and during winter. Many
of these areas are known as highly productive waters with fairly high densities of
fish. See van Eerden et al. (2012) for a detailed description of the distribution of
cormorants in relation to different types of waterbodies.

•

Year-to-year variation in winter severity during the first winter of an individuals’ life
seemed to influence where the individual decided to spend subsequent winters.
The apparent effect of this is that individuals belonging to cohorts that experience
a cold winter in their first year of life, tend to migrate further south than cohorts
exposed to mild winters in their first year of life. We also found that analyses of
recoveries were not a reliable tool to study short-term effects of weather
conditions on winter distribution of cormorants simply because of the higher risk of
mortality and thus higher probability of recovery in northern areas when these
were exposed to severe cold. However, we know from counts of cormorants at
night roosts and from detailed studies of colour-ringed individuals that cormorants
in general leave their wintering site after a few weeks of temperatures below zero
and/or after abrupt declines to temperatures far below zero (e.g. Buchheim
1997).

Against expectations, we did not find evidence to validate the prediction that firstyear birds generally migrate further than older birds before they settle in a wintering
area. Thus, there were no such differences among cormorants of Danish, Swedish,
Finnish, East Baltic or German origin. However, there were indications of differences in
the mean migration distance between first-year cormorants and adult cormorants of
Dutch origin.
Studies using resightings of colour-ringed cormorants have shown that individual
variation can have a marked influence on migration routes and timing of migration of
cormorants in Europe. It has been found that some individuals have highly fixed
migration schedules and use the same wintering areas and stopover sites year after
year, whereas others show a highly flexible migratory behaviour both in terms of low
site tenacity and high variability in timing of migration (e.g. Reymond & Zuchuat 1995,
Yésou 1995, Paquet et al. 2003, Bregnballe et al. 2006). Frederiksen et al. (2002) and
Lekuona & Campos (2000) used resightings of colour-ringed cormorants to quantify
the extent of site fidelity of cormorants wintering in central Europe and Spain.
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Ringing of very young Great Cormorant chicks in a Danish ground nesting colony.
Photo: S. Ortmann.
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Changes in distribution

It can be very difficult to quantify the changes over the years in where cormorants
decide to stop-over and stay for the winter. There are methodological challenges in
analysing distributional changes using recoveries of ringed cormorants found dead.
This is partly because there is spatiotemporal variation in the probability that a ringed
cormorant will die, and in the probability that it will be recovered and reported.
Furthermore, changes over time in the relative importance of the various causes of
mortality can inflate patterns and lead to unreliable trends in, for example, the
distance between ringing and recovery position. For example, the probability that a
ringed cormorant wintering in France will be shot and reported dead may have
changed since 1980, and this will influence the apparent patterns of distribution.
Hence, what appears to be a change in distribution may be caused by a change in
the probability of recovery of ringed individuals.

Estimated proportion migrating to different wintering areas
Using the model described in chapter 5, we explored whether changes had occurred
in the wintering areas that were used mostly by the cormorants originating from the
various breeding areas. The use of the model allowed us to correct for some of the
spatiotemporal variation in recovery probability. There were a sufficient number of
recoveries from eight of the breeding areas (Sweden, Finland, East Baltic, Poland,
Denmark, Germany, the Netherlands and Switzerland) to look for changes over fiveyear periods (see Appendix 5.2).
We found that cormorants from all eight of these breeding populations had changed
their prime choices of where to winter (examples of pie charts are given in Appendix
5.2)..

Median location of recoveries
We looked for changes over the study years in the median location of recoveries
made during the post-breeding period, the autumn and the winter, but only for
populations for which sufficient recoveries were available. With focus on changes in
winter, we here give the major results of our exploration of changes over the following
10(11)-year periods:
• Period I: 1983/84-1993/94
• Period II: 1994/95-2003/04
• Period III: 2004/05-2013/14
Sweden. The median location of the winter recoveries of cormorants originating from
Sweden had moved approximately 500 km towards the northwest from Period I to
Period III. The median coordinates of the autumn recoveries had moved to the west
from Period I to III. The change in winter distribution towards the north was even more
evident when excluding recoveries of cormorants reported as being shot.
East Baltic. The median coordinates of winter recoveries of Cormorants from the East
Baltic had moved 350 km towards the north from Period I to II and III, but the sample
sizes from Period I were small.
Poland. The median coordinates of winter recoveries of Cormorants from Poland did
not indicate that changes had taken place over the three periods.
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Denmark. The median coordinates of the recoveries of cormorants originating from
Denmark moved towards the west in autumn and in winter from Period I to Period III.
The median coordinates of the winter recoveries had also moved to the north
between Period I and Period II. These changes were also evident when excluding
recoveries of cormorants reported as being shot.
Germany. The median coordinates of winter recoveries of Cormorants from Germany
shifted over the study years and indicated that an increasing proportion of German
cormorants only migrated ‘short’ distances before settling for the winter. This was also
the case when excluding all recoveries of cormorants that had been reported as shot.
But see Herrmann et al. (2015) for a more detailed description of the changes in
winter distribution of cormorants of German origin.
The Netherlands. The median coordinates of winter recoveries of Cormorants from the
Netherlands had moved more than 500 km towards the north from Period I to III. These
changes were also evident when excluding recoveries of cormorants reported as
being shot.

Median distance to wintering area
We compared the median distance between the ringing sites and the recovery sites
for the post-breeding period, the autumn and the winter for countries where a
sufficient number of cormorants had been ringed over most of the study period. The
major results concerning the distance to the wintering areas were:
Sweden. The recovery data were grouped into 2-year periods and the median
distance was calculated for each pair of winters between 1989/90 and 2013/14.
There were no changes in the median distance to the recovery sites over this series of
pairs of winters.
Denmark. The median distance to the recovery sites was calculated for each winter
between 1983/84 to 2013/14. The median distance to the winter recovery sites
decreased from the mid-1980s to the winter 2009/10 but increased again in the
following winters.
Germany. The 31 study years were grouped into four periods. The median distance to
the recovery sites in winter decreased with 300 km from the first two periods lasting
from 1983/84 to 1998/99 to the last two periods lasting from 1999/00 to 2013/14.
See also Herrmann et al. (2015) for a description of the changes in winter distribution
of cormorants of German origin.
The Netherlands. The study years were grouped into four periods as for the analyses of
recoveries from Germany. The median distance to the recovery sites in winter
decreased by 700 km from the first period 1983/84-1990/91 to the last period
2007/08-2013/14.
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5 Migratory connectivity and composition of
wintering populations
5.1

Introduction

One of the major aims of the CormoDist project is to use ring recoveries of cormorants
found dead to estimate the degree of connectivity between breeding and wintering
areas, and specifically estimate the composition of wintering populations in terms of
their breeding origin (see Fig. 5.1.1).

1

2

Figure 5.1.1. Figure illustrating a theoretical example of migratory connectivity between
breeding and wintering areas. The number ‘1’ refers to the estimation of the proportion of
birds migrating from specific breeding areas to various wintering areas, and the number ‘2’
refers to the estimation of the composition of the winter population in different parts of
Europe with respect to the geographical origin of the birds present in winter.
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Estimating migratory connectivity from ring recovery data is not straightforward, chiefly
because the probability that a bird dies and the ring number is reported is likely to differ
among wintering areas and change over time. Improved statistical methods for
estimating the proportion of birds from a breeding area moving to specific wintering
areas, while correcting for variation in reporting probability, have recently become
available (Thorup & Conn 2009, Korner-Nievergelt et al. 2010, Korner-Nievergelt et al.
2014). However, estimating the proportional composition of wintering populations in
terms of their breeding origin necessitated inclusion of information on population size
and breeding success in each breeding area. Furthermore, it necessitated the
development of an entirely new model. Such a model has been developed during the
CormoDist project by Fränzi Korner-Nievergelt (Swiss Ornithological Institute) and Morten
Frederiksen (Aarhus University).
Since the 1970s, very large numbers of cormorant chicks have been ringed throughout
Europe, and this effort has provided large amounts of information that can be used to
quantify migratory connectivity. The ringing effort has included all parts of the
breeding range in the Baltic region, central and western Europe since the early 1980s.
This high level of coverage allows a formal quantitative approach to the estimation of
migratory connectivity.
Here, we use the thousands of recoveries of dead ringed cormorants throughout the
winter range (Europe and North Africa) to quantify migratory connectivity. This analysis
is therefore restricted to dead recoveries during the winter period of cormorant chicks
ringed 1983-2013.

5.2

Material and methods

5.2.1 Material: Ringing and recovery data
Information about the number of cormorant chicks ringed was obtained from the
national ringing centres and in a few cases from key cormorant ringers. Recovery data
were obtained from the EURING database (www.euring.org) and from the national
ringing centres.
The recoveries included in the present part of the study were the result of ringing of
222,467 cormorant chicks during 1983-2013. A series of criteria were applied in order to
extract relevant and reliable recoveries. For example, records where only the ring was
found and those with a highly uncertain finding date were excluded (see also chapter 3).
Among all the dead recoveries we extracted 4511 recoveries made during the winters of
1983/84-2013/14. The winter period was defined as 15 November - 28 February, i.e. we
assumed that the vast majority of cormorants had reached their wintering areas by then
and remained fairly stationary (Bregnballe, Frederiksen & Gregersen 1997; Frederiksen et
al. 2002). A large proportion of the recoveries included were recoveries of individuals that
had been shot (2003 of the recoveries) whereas the other 2508 recoveries were birds that
had been reported dead from other or unknown causes. All the recoveries were allocated
to the defined wintering areas (Fig. 5.2.2) by use of ArcGIS 10.2.
5.2.2 Spatial coverage and structure
Our aim was to provide estimates of migratory connectivity for the population of the
sub-species Ph. c. sinensis breeding in northern and central Europe. We therefore
excluded breeding areas populated exclusively or mainly by the sub-species Ph. c.
carbo (the British Isles incl. the Channel Islands, Iceland, Norway except the southeastern region, Arctic Russia), as well as those populated by the Black Sea population
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of Ph. c. sinensis. The Atlantic sub-species Ph. c. carbo also breeds in western France
mixed with Ph. c. sinensis, and this population is included here.
We included all known wintering areas of our target population. However, some of the
wintering areas used by our target population are also used by cormorants that do not
belong to our target population. This is the case in parts of the wintering areas in
Norway, Sweden, Denmark, the British Isles, western France and the Iberian peninsula
where our target population mixes with cormorants belonging to the Ph. c. carbo subspecies (Wernham, Ekins & Sellers 2002; Bakken, Runde & Tjørve 2003). Our target
population also mixes with cormorants from the breeding population along the Black
Sea. Mixing with this breeding population occurs in Romania, Bulgaria, Greece and
eastern North Africa. Our estimates of compositions of wintering populations only
includes cormorants originating from our target population and to not take birds from
any other breeding populations into account.
We defined 12 breeding areas (Fig. 5.2.1) and 11 wintering areas (Fig. 5.2.2); see also
chapter 3 (Tables 3.3.1 and 3.3.2) for a list of countries and provinces included in each
of the defined areas. The breeding areas were largely defined based on national
administrative borders, because data on numbers ringed were usually only available
at the national level. Wintering areas were defined using a combination of
administrative and biogeographic criteria, but for the exact definitions we used local
administrative borders.
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11
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Figure 5.2.1. Delineation of the 12 defined breeding areas in Europe. The countries and
provinces included in each of the defined breeding areas are listed in Table 3.3.1.
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Figure 5.2.2. Delineation of the 11 defined wintering areas in Europe. The countries and
provinces included in each of the defined wintering areas are listed in Table 3.3.2.

5.2.3 Variables used for modelling

For the modelling we used information about the following variables for each
breeding area:
• The number of cormorant chicks ringed per year.
• The annual number of breeders. We have interpolated missing values (see
Appendix 5.1).
• The annual number of non-breeders. This number was estimated by use of
information on the numbers of breeders, estimates of survival and the assumption
that all birds began to breed at the age of 3 years.
• The number of young produced per year and breeding area. There were many
gaps in this data set, and we had to make ‘guesstimates’ for most years and
breeding areas based on general knowledge of the species (including densitydependent declines in breeding success as local populations grow).
The material and methods applied for estimating these variables is further described
in Appendix 5.1.
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5.2.4 The model
The model contains two steps:
1) A multi-state ring-recovery model (Lebreton et al. 2009) based on dead
recoveries of cormorants ringed in the breeding areas is used for estimating the
distribution probabilities, i.e. the proportion of birds from each of the 12 breeding
areas that migrate to each of the 11 wintering areas. This is done separately for
the first-year birds, and for older birds. The proportions are estimated for 5-year
periods.
2)

The results from step 1 are then combined with counts of breeding pairs and
estimates of breeding success in each breeding area to estimate the number of
cormorants migrating from each breeding area to each wintering area. Because
all important breeding populations are included, this allows estimation of the size
and composition of each wintering population. All model parameters are allowed
to vary over time, leading to time series of estimates of winter population
composition.

The model also estimates temporal and geographical variation in recovery
probabilities and in the survival of first-year birds and older birds, but these results are
not presented in this report.
The model is written in R (R Core Team 2013), with estimation of the parameters of the
multi-state model carried out in a Bayesian framework in JAGS (Plummer 2003). The
estimation model is fully developed and has been extensively tested on simulated
data. In addition, procedures for importing real ringing, recovery, population size and
breeding success data have been developed.
Further details about the overall structure of the model and the methods applied for
estimating and validating parameters can be found in Appendix 5.1.

5.2.5 Assumptions, uncertainties and weaknesses
In relation to the data we have assumed that:
• The breeding and wintering areas we have decided on are reasonably
homogeneous, in terms of migration behaviour, population development and
probability of a dead bird being reported.
• Linear interpolation provides a reasonable approximation to population
development in each breeding area, in cases where there were data gaps. This is
probably a fairly robust assumption.
• Our guesstimates of breeding success are reasonable. This assumption is difficult
to verify, and we certainly underestimate year-to-year variability (although these
are means over rather large areas). Because first-winter birds make up a relatively
small part of the population, errors in breeding success estimates will not have a
large impact on the results.
In relation to statistics and modelling we have assumed that:
• Ringed birds are representative of the population (within each breeding area).
This is a standard assumption of all mark-recapture methods.
• Within each wintering area and year, all dead birds have the same probability of
being reported, regardless of origin, sex, age and cause of death. Reporting
probabilities are thus allowed to vary over time and space. This assumption is
potentially problematic. In particular, birds dying from different causes clearly do
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not have the same chance of being reported. This is only critical to the extent that
age classes or sexes are differentially exposed to various mortality sources, within
a wintering area. The assumption about age is necessary because too few adults
have been ringed to provide independent estimates of their reporting probability.
All birds start breeding when 3 years old. This is a simplifying assumption, which
ignores density-dependent changes in age of recruitment.
Males and females do not differ in migration behaviour. This is a necessary
assumption, because ringed and recovered birds generally have not been sexed.
The estimated migratory connectivity is thus an average across sexes, provided
that the sex ratio among ringed birds is representative.
Migration behaviour does not change with age after the first year.

The output from the modelling has some weaknesses of which some are:
• Very few adults have been ringed. This means that we have to assume that
reporting probability does not change with age – which may be a problem if age
groups are exposed to different mortality sources, and birds dying from different
causes have different probability of being reported. Both scenarios are likely.
• Data on breeding success are sparse. We have therefore had to ‘make up’ a large
part of the data set. However, we believe the principles used for imputing these
data are robust, and in any case the consequence of errors should be moderate.
• For some breeding areas and years, numbers of birds ringed are low. This means
that some estimates will be quite imprecise.
• The cormorants that belong to the sub-species Ph. c. carbo and/or originate from
breeding populations located outside of our defined breeding areas but spend
the winter within wintering areas defined here are not included. In other words
cormorants breeding in e.g. the UK, Norway (outside the southeast) and Ukraine
are not included in the model. This means that the size of some wintering
populations is underestimated, and their estimated composition to some extent
misleading.

5.3

Proportions migrating to different wintering areas

By use of the multi-state ring-recovery model the proportion of birds from each of the
12 breeding areas that migrated to each of the 11 wintering areas was estimated. An
example of the outputs from this modelling is given in Fig. 5.3.1. The pie diagrams
show the proportion of adult cormorants from the Swedish breeding population
estimated to have been present in each of the wintering areas defined in Fig. 5.2.2.
Each of the three pie diagrams refers to an estimate based on recoveries made over
five winters. It is evident from this example that the proportion of Swedish birds
migrating to countries in the Balkan (light green colour) decreased between 2000 and
2010 whereas the proportion remaining in the Baltic Sea (dark blue) increased. It is
also clear that the proportion wintering in France (dark orange) was highest during the
winters around 2000. Similar pie diagrams showing the estimated distribution of adult
cormorants among the 11 wintering areas is given for most of the 12 breeding areas in
Appendix 5.2.
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Figure 5.3.1. The proportion of adult Great Cormorants belonging to the Swedish breeding
population estimated to have been wintering in each of 11 areas in Europe and North
Africa in a series of winters around 1990, 2000 and 2010. The estimates behind the three
pie charts were based on 112, 280 and 209 winter recoveries of adult cormorants of
Swedish origin. Similar pie charts for other breeding populations are given in Appendix 5.2.

An example of another way of illustrating the changes from one 5-year period to the
next in the estimated proportion of first-year birds and older birds migrating to specific
wintering areas is given in Fig. 5.3.2 and 5.3.3. These graphs also include a measure of
uncertainty (confidence limits) of the estimates. It is evident from this example that the
proportion of birds of Danish origin that migrated to specific wintering areas deviated
to some extent between first-year birds and older birds and that, over time, there were
changes in where the majority of birds were wintering. For example, the proportion of
first-year birds and older birds that attempted to winter in the Baltic Sea and in France
increased during the mid- or late 1990’s.
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Figure 5.3.2. The estimated first-year distribution probabilities shown for breeding area no. 5 covering Denmark and south
Norway. Figures show median posterior estimates with 95% credible intervals. These are the Bayesian analogues of
traditional confidence intervals.
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Figure 5.3.3. The estimated distribution probabilities for adults shown for breeding area no. 5 covering Denmark
and south Norway. Figures show median posterior estimates with 95% credible intervals. These are the Bayesian
analogues of traditional confidence intervals.

5.4

Geographical origin of wintering cormorants

The composition of the wintering populations found in each of the 11 wintering areas
with respect to the geographical origin of the cormorants present was estimated for
each of the 31 winters between 1983/84 and 2013/14. The estimates were made
separately for first-year birds and adult birds.
An example of the results obtained from the modelling is given in Fig. 5.4.1. The pie
diagrams show the estimated composition of the wintering population in France in
three winters, i.e. three ‘snapshots’ as examples. The pattern in the temporal change in
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the composition of the wintering population in France is shown in Fig. 5.4.2. The
estimates are based on the recoveries of ringed cormorants found dead but by use of
the model, corrections are made for spatial and temporal variation in a number of
factors such as the size of breeding populations, ringing activity, recovery probability
and survival. Appendix 5.3 gives a complete set of figures showing the estimated
proportional contributions from each breeding area to each of the 11 wintering areas
with 1-3 winters as ‘snapshots’.
It is evident from Fig. 5.4.1 and Fig. 5.4.2 that the composition of the wintering
population in France changed over the years. For example, the proportion of
cormorants coming from The Netherlands declined over the years whereas the
proportion coming from Sweden, Finland and the East Baltic increased.
Another example of how dynamic the composition of the wintering populations can
be is given in Fig. 5.4.3. This figure shows the origin of the cormorants wintering in the
area including Poland, the Czech Republic, Slovakia, Austria and Hungary. Note the
decline in the proportion of cormorants of Danish origin and the increase in the
proportion of cormorants of East Baltic and Finnish origin.

Figure 5.4.1. The estimated composition – with respect to geographical origin – of the
population of Great Cormorants wintering in France in the winters 1990/91, 2000/01
and 2010/11. Cormorants originating from the United Kingdom are not included.
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Figure 5.4.2. The estimated composition – with respect to geographical origin – of the
population of Great Cormorants wintering in France over the winters from 1983/84 to
2013/14. Cormorants originating from the United Kingdom are not included.

Figure 5.4.3. The estimated composition – with respect to geographical origin – of the
population of Great Cormorants wintering in the area including Poland, the Czech
Republic, Slovakia, Austria and Hungary in the winters 1990/91, 2000/01 and 2010/11.
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The composition of the wintering populations can also be estimated for larger
geographical areas. An example is given in Fig. 5.4.4. It is evident from the two pie
charts in this figure that cormorants from one and the same breeding area appears in
both ‘sectors’ of Europe but birds originating from the more westerly located breeding
areas dominate in the Atlantic sector whereas birds from the more eastern part of the
breeding range dominate in the central-east sector.

Fig. 5.4.4. The estimated composition – with respect to geographical origin – in 2010 of the wintering population of Great
Cormorants in the Atlantic sector (wintering areas D, E, F, G) and in a more central-east sector (wintering areas C, B, H, I).

The temporal changes in the estimated composition of the wintering birds present in
these two major sectors of Europe are illustrated in Fig. 5.4.5 and 5.4.6. The major
changes that have taken place in the winter composition of cormorants in these two
parts of Europe are:
• Cormorants from The Netherlands have made up a declining proportion of the
wintering population.
• The proportion originating from Sweden among those wintering in the countries
along the Atlantic Sea increased up until the winter 2003/04.
• Cormorants from Finland and other the East Baltic countries have become more
common among the cormorants wintering in Europe. This is most evident in the
central and eastern parts of Europe where cormorants of Finnish-East Baltic origin
were estimated to make up 38 % of the birds present in the winter 2013/14. Their
proportion among those wintering in countries close to the Atlantic Ocean was
lower, e.g. 11 % of the winter population in 2013/14.
• The proportion of Danish cormorants among the wintering birds in the central and
eastern parts of Europe declined markedly between the early 1990s and
2013/14.
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Figure 5.4.5. The estimated composition – with respect to geographical origin – of the
population of Great Cormorants wintering in the Atlantic sector (countries along the
Atlantic Ocean, wintering areas D, E, F and G) over the winters from 1983/84 to 2013/14
(the delineation of this sector of Europe is given in Fig. 5.4.4).

Figure 5.4.6. The estimated composition – with respect to geographical origin – of the
population of Great Cormorants wintering in countries in the central and eastern parts of
Europe (wintering areas B, C, H and I) over the winters from 1983/84 to 2013/14 (the
delineation of this sector of Europe is given in Fig. 5.4.4).
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Uncertainties in the estimates

In order to quantify the wintering distribution of birds breeding in a specific area, it is
necessary to estimate the variation in space and time of the probability that a dead
ringed bird is reported back to the ringing centre. This probability depends on many
factors, including the cause of death (e.g., shot birds are more likely to be found and
reported than those dying from natural causes) and human behaviour. The number of
birds recovered in a given area and time period does therefore not reflect directly the
number of birds present. In the model, we have tried to capture this variation by
allowing recovery probabilities to vary among wintering areas, and to change
gradually over time. This should ideally allow unbiased estimation of the distribution
probabilities, and thus of the size and composition of wintering populations. Overall,
we therefore regard our estimates as reliable.
However, some uncertainties remain. One of the main issues is that changes in
recovery probability over time in a given area in reality are likely to be more complex
than the linear trend allowed in the model. For instance, when a culling campaign is
initiated in a wintering area, this is likely to lead to a sudden increase in both mortality,
the proportion of all dead birds which are shot, and the chance that a dead ringed
bird is reported once found. These effects may then gradually fade out over the
following years. Such a pattern would result in a spike of recoveries in the country
affected, which given the structure of the model would translate into a higher
estimated probability that birds from all breeding areas migrated to this wintering area
during the period in question (unless similar campaigns were carried out in other
wintering areas simultaneously).
There is therefore a risk that movements to certain wintering areas (both probabilities
and numbers of birds) are overestimated during some periods. This may be the case
for birds wintering in France around 2000, when a large-scale culling programme was
introduced. However, this should affect birds from all breeding areas equally, and the
weighting by population size included in the population model should allow unbiased
estimation of the proportion of birds in a given wintering area originating from each
breeding area. We therefore regard the estimates of composition of wintering
populations as more robust to this type of uncertainty than the distribution
probabilities.
We have assumed that dead birds of all ages have the same chance of being
reported (within a wintering area and year), notwithstanding the likely difference in
mortality sources between first-year and older cormorants. Our judgement is that
violation of this assumption has only minor consequences for the resulting estimates.
Another source of uncertainty is that sample size (numbers of birds ringed, and thus
numbers recovered) is low for some breeding areas generally, and for other areas in
certain periods. This inevitably means that distribution probabilities are difficult to
estimate, and that the resulting estimates are quite imprecise. However, this problem
has limited implications for the estimation of the composition of wintering populations,
because the breeding populations with low sample size generally also are quite small.
Thus, while distribution probabilities from some breeding areas are so uncertain that
they are not shown in Appendix 5.2, this has a very limited influence on the estimated
compositions (e.g. Appendix 5.3).
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6 Use of artificial versus natural feeding
areas
The rationale behind this element of the CormoDist project was to estimate the
proportions of autumn staging and wintering cormorants that rely for foraging on
natural wetlands and in artificial commercial fisheries (i.e. aquaculture).
For such a consideration, in consultation with the Commission, it was assumed that
“artificial commercial fisheries (i.e. aquaculture)” simply related to the extensive carp
Cyprinus carpio aquaculture ponds to be found across Europe in Member States such
as France, Germany, the Czech Republic, Poland and Hungary (see Seiche et al. 2012
for comprehensive synthesis).
Whilst this fishery industry is economically and environmentally important and is
geographically widespread across continental Europe (and appears to be one of the
fishery sectors particularly troubled by cormorant problems), it covers a relatively small
area. It is reported to cover some 340,000 ha1(Seiche et al. 2012) and these authors
comment that “[T]his area is thus equivalent to 0.5% the area of Germany, 1% of the
area of France and 1.4% of the area of the United Kingdom. It is very similar in size to
the Romanian sector of the Danube Delta and about half the size of the delta
incorporated into UNESCO’s Biosphere Reserve.”
In practice, it was known that the ringing data used in the CormoDist project would not
offer an insight into the proportions of cormorants relying on natural versus artificial
commercial fisheries. Similarly, it would be very difficult to quantify (or even predict)
the number (and, hence, proportions) of cormorants that permanently or temporarily
forage in artificially developed commercial fisheries (i.e. aquaculture ponds) outside
the breeding season. There are several reasons for this:
(a) Most cormorant counts take place at night roosts, and usually it will be impossible
to link a specific roost site with either natural or artificial feeding habitats.
(b) The probability of observations of live ringed birds and recoveries of dead birds
are likely to differ between natural and artificial habitats, in unpredictable ways.
Converting numbers of observed ringed birds to numbers present will thus be
problematic.
(c) Individual cormorants are highly unlikely to specialize on either natural or artificial
habitats. Their use of the two types of habitats is likely to change dynamically over
both short and long time scales, according to e.g. age, experience, weather
conditions and food availability in the two types of habitat.
Two further options2 were contemplated originally – but, on further consideration,
neither was found to be useful or to offer meaningful biological insight.
1

Information relates to 27 Member States and is from International Carp Conference, 15-16
September 2011, Kazimierz Dolny, Poland – available at
http://www.aller.aqua.com/cms/front_content.php?idcat=561.
2
These two rejected options were: (1) that knowledge about the number of cormorants counted in
coastal wetlands and in inland wetlands without fish farms might give a rough idea about the
minimum number of cormorants that cover their daily food requirements without foraging at fish farms.
(2) that by estimating the number of fish farms for certain countries or parts of Europe, and combining
these numbers with assumptions and knowledge about the number of cormorants that on a daily basis
forage at different types of fish farms, and by scaling-up these estimates, a rough (if highly uncertain)
overall estimate could be derived.
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Great Cormorants usually migrate in smaller flocks, in this case two adults flying together with
7 first-year birds/immatures. Photo: C. M. Olsen.

After careful consideration (including discussions with the IUCN/Wetlands
International Cormorant Research Group), it was thus decided that the most
biologically meaningful way of explore the proportions of autumn staging and
wintering cormorants that rely for foraging on natural wetlands and in artificial
commercial fisheries (i.e. aquaculture) was to refer to published material on the
relationships between cormorants and their use of feeding habitats at specific water
bodies (see chapter 9 of van Eerden et al. 2012).
These authors established a so-called Water Systems Database, based on discrete
water bodies, in order to broadly assess the relationship(s) between cormorants and
fish, and the factors that determine them. They (van Eerden et al. 2012, p. 57)
“[p]ooled knowledge from 65 experts in 26 countries (in total, 179 different cases) of
georeferenced water bodies were included in the analysis. These waters accounted
for approximately 30,000 km2 of sampled water surface and related to a maximum
number of about 350,000 Cormorants.” Information on fish species was also included
in the original analyses but is not discussed further here.
Ultimately, the cases included in the Water Systems database represented a large
area of the European continent but, as van Eerden et al. (2012) highlighted the cases
tended to be concentrated a little more in eastern countries (including Baltic Sea,
Sweden, the Alpine zone, Italy, Greece and that western Europe (i.e. Netherlands,
Belgium, UK) was also well represented but that there were gaps in southern Europe,
for instance in the interior parts of France and Spain. Outside Europe, water systems
information was also obtained from Israel and Georgia.
The variety of European water systems types was strongly reflected by the geographical
range of waters within the continent and included open seas, inland seas and estuaries,
large lakes, large rivers, smaller rivers and streams from high altitudes to lowland
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situations, reservoirs and fishponds. The latter were “distributed in a wide area of inland
Europe but are concentrated in a belt of eastern European countries from the Baltic
States and Poland to the Czech Republic and France, but also extending further
southeast into the Balkan countries” (van Eerden et al. 2012, p. 58).
van Eerden et al. (2012, p. 59) concluded that “over the whole data set, there is a clear
relationship between the annual number of ‘bird days’ spent by cormorants at a
particular site and the surface area of the water body concerned [see Fig. 6.1]. In
absolute terms, large water bodies have far more cormorants (i.e. more bird days, and
so a heavier overall ‘use’ by cormorants) than do smaller ones. However, corrected for
surface area, this equates roughly to some 5,000–10,000 cormorant days per square
kilometre of water per year for smaller waters and lower at 1,000–5,000 cormorant
days per square kilometre of water per year for large surface areas. As can be seen
from Fig. 6.1, the variation in the data set is large with some individual cases diverging
by a factor of around 10 (plus or minus) from this general pattern.” Importantly here,
almost all individual carp pond farms are likely to have fallen into the ‘small waters’
category in this analysis.
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Figure 6.1. The relationship between water surface area (km ) and cormorant use
measured as ‘bird days’ for 132 reported cases providing both cormorant and
environmental data. Reproduced from van Eerden et al. (2012). ‘Bird days’ is a measure of
cormorant use of a waterbody based on an assessment of the number of birds present and
the length of time they spend there.

In relation to the original ambition to estimate the proportions of autumn staging and
wintering cormorants that rely for foraging on natural wetlands and in artificial
commercial fisheries (i.e. aquaculture). The relationship above clearly shows that – at
the population level - large numbers of cormorants and/or the length of their
residence time at specific sites across Europe are associated with large water bodies.
In relation to individual birds, the data also indicate that smaller water bodies –
importantly, including artificial commercial fisheries (i.e. extensive aquaculture) – are
more intensively used than larger water bodies as the slope of the regression line is
less steep than the 1:1 relationship with water surface area.
Further elucidation of cormorant foraging site-choice may come from further analysis
of the size and specific location of fish pond farms in relation to other potential feeding
sites and the relationship between these and particular migratory corridors. Attempts
to quantify the relative use that cormorants make of artificial versus natural feeding
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areas really require knowledge about factors affecting the ‘choices’ that cormorants
make during their autumn/spring migrations and after their arrival at their wintering
grounds: ultimately, their choices of where and when to move and where and when to
forage. The fairly new approach of individual-based modelling also offers potential for
addressing these issues. For example, in attempting to predict future changes in
distribution of cormorants in Europe outside the breeding season, these types of
models can incorporate knowledge and assumptions about how cormorants respond
(in their choice of staging and wintering sites) to factors such as changes in the
climate, intensity of competition for food and changes in levels of disturbance.
Data thus suggests that extensive fish farms are likely to play only a small role on the
population level for European cormorants although they may be used extensively by
individual birds, and there may well be a high (but, as yet, unquantified) turnover of
foraging birds between natural wetlands and artificial commercial fisheries.
Furthermore, this situation suggests very strongly that the ‘expansion’ of the European
cormorant population (throughout Europe overall and/or in the Baltic region
specifically) has little to do with extensive fish ponds in Europe. However such an
expansion does mean that, during migration and overwintering, individual birds will
exploit the opportunities of foraging at fish ponds, particularly those located on
migration routes or in regions where birds spend the winter.
Whilst far from complete, the analysis discussed here suggests strongly that extensive
fish ponds are not relied upon by cormorants at the population level across Europe.
Individual birds may however feed intensively at such sites and there is likely to be
turnover between these and more natural feeding sites. Fish ponds on migratory
routes or in the overwintering areas of cormorants are likely to be visited by these birds
which raises the issue of potential alternative foraging sites for them and their
proximity to, and location within, migratory corridors.
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7 Viable options to deal with cormorantfisheries interactions3
In this chapter, the results produced during the CormoDist project together with
existing published information about cormorant ecology and behaviour are used to
discuss the pros and cons of applying various strategies in attempts to deal with the
interactions between cormorants and fisheries at the local, regional and European
levels. These interactions and associated conflicts (well described elsewhere, e.g. van
Eerden et al. (2012)) tend to be most pronounced in western, central and southern
regions of Europe during the winter and in autumn and spring when cormorants move
to/from their wintering quarters.
The work discussed in this chapter suggests strongly that it will not be possible to
protect specific wintering areas from cormorant predation through the reduction of
breeding numbers elsewhere in Europe. The data and analysis here thus suggest that
population level management is unlikely to be a viable option to deal with cormorantfishery interactions. However, there are numerous potentially viable options on a
smaller geographical scale, and these are also discussed in this chapter.

7.1

Introduction

Large increases in cormorant populations have occurred across Europe over the past
30-40 years, particularly birds of the sinensis sub-species in Western Europe.
Cormorants have also greatly extended their breeding and wintering ranges into
areas where they had previously been scarce or even absent for some time, with
many more birds accessing inland fisheries. This has resulted in widespread conflicts
with fishery interests. Conflicts occur at different sites and different times of the year,
partly reflecting large variations in cormorant numbers as birds move between
breeding and wintering areas. A diverse range of fishery interests are affected by
cormorants in marine, brackish and – particularly – freshwater habitats, and including
commercial fisheries, fish farms (intensive and extensive) and recreational angling.
Cormorant predation can have serious economic implications by damaging fish
stocks, reducing catches, limiting aquaculture production and through other social and
economic effects. In many cases, serious damage can result and justify management
action (see EU 2013).
Many stakeholders, particularly angling and fishery ones, believe that the current
cormorant population size of the sinensis sub-species in Europe represents an
unacceptable and unsustainable threat to fishery interests. They believe that a form of
long-term, internationally co-ordinated cormorant control, preferably at the panEuropean level, is needed, focusing in particular on actions taken at breeding sites.
The aim would be to reduce the sinensis population to a size at which damage to
fisheries was reduced to a more acceptable level.

3

In this chapter, much of the introductory text, and that dealing with issues at the ‘European’ or
‘population’ levels is taken from ‘A review of the issues relating to control of cormorant populations at
the pan-European level’ available on the EC Cormorant Platform. Published at the EU Cormorant
Platform http://ec.europa.eu/environment/nature/cormorants/home_en.htm
by CorMan for the European Commission under service contract N° 07-0307/ 2010/575579/SER/B3
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At its simplest, one of the key questions with respect to strategies for managing
cormorant-fisheries conflicts through a reduction in damage to fisheries to acceptable
levels is: should this be attempted through site-specific (i.e. regional) management
actions or through an overall reduction in cormorant numbers at a European or
population level?
The CormoDist project has demonstrated, from an extensive analysis of ringing
recoveries, that European cormorants are extremely widespread and well-mixed in
the non-breeding period. Thus it is highly unlikely that wintering numbers in specific
areas could be affected directly by managed reductions in breeding numbers,
perhaps several thousand kilometres away. This demonstration, substantiating the
implications of many other studies of cormorant ecology and overwintering behaviour,
allows us to be more confident in terms of discussing the viability of continental (i.e.
European) versus other, smaller spatial-scale management approaches.
Putting aside here the important issue of quantifying damage (i.e. economic, see EU
2013) to fisheries in such a way as to allow verifiable demonstration of damage and
any subsequent reduction in this, the legal positions and those of the European
Commission are important in the context of this chapter.

7.2

The legal position

Like all wild birds species in Europe, the Great Cormorant is protected under European
Directive 2009/147/EC (the Birds Directive). Its deliberate capture and killing,
disturbance, destruction of its nests or taking of its eggs can only be allowed by
Member States if this is done in accordance with the derogation system set out in
Article 9 of the Directive. Article 9 provides that Member States may derogate for a
number of purposes, including preventing serious damage to crops, livestock, forests,
fisheries and water, or the protection of flora and fauna, provided that there is no other
satisfactory solution. The European Commission has developed a non-binding
guidance document regarding application of the derogations in Article 9.
Population management is considered to be a legitimate option under the
derogations within the Birds Directive, provided it is designed to prevent serious
damage and is consistent with the objectives and requirements of the Birds Directive,
including maintaining the population of a species at a satisfactory level.
The derogation system is already being widely used by Member States to reduce or
prevent serious damage by cormorants. However, there are significant differences in
the way this is done, both in terms of the choice of sites where control actions are
undertaken and on the methods used. Some Member States use the derogation
possibilities extensively, including actions at breeding colonies, whilst others do not
allow scaring measures or control of cormorant numbers at all. In line with the
subsidiarity principle, the implementation of the derogation system lies within the
competence of Member States.

7.3

The current position of the European Commission

Given that cormorants are spread widely throughout Europe and may undergo largescale migrations between breeding areas and wintering areas, any implementation of
a pan-European management strategy would require collaborative action and
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planning by a large number of European countries for such a plan to be applied
across the broad scale necessary. This would depend on independent decisions at a
national level. As noted previously, the implementation of the derogation system lies
within the competence of Member States. Thus, countries which might be opposed to
using the derogation scheme or to participate in any pan-European plan to control
cormorant populations cannot be compelled to do so, irrespective of whether or not
they are members of the EU. Of course, it would still be possible for the Commission to
develop a plan, should it be so minded, and use this as a basis for discussion and
consensus building with Member States.
In response to concerns from fishery stakeholders, the Commission has stated (see doc
ref. SP(2009)401) that

“While [they are] not persuaded of the need for such a management plan, it is
apparent that in several Member States the size of the cormorant population is giving
rise to increasing conflicts. However, there is no consensus between Member States on
the type of action to take. Whilst some Member States or some regions are supportive
of an EU-wide management plan, others are not persuaded that there is a problem or
that there is no need to address it at EU level. If one Member State decides that there is
no need for measures, the Commission cannot change that position. Also the
Commission is not in favour of an EU wide strategy as the problems are localised.
Therefore, it is not proportionate to argue for action at EU level to solve a problem of
regional scale. An alternative way to address this issue could be found in the existing
mechanisms that are available under the provisions of the Birds Directive.”
Thus, where necessary, the European Commission is encouraging Member States to
consider the potential for co-ordinating management actions against cormorants
across broader scales through bilateral (or perhaps larger) agreements, and it has
indicated that it would be prepared to help facilitate such arrangements.

7.4

What form might pan-European cormorant management take?

After widespread consultation, the European Commission considered that an EU-wide
management plan would not be an appropriate measure to address the problem of
cormorant conflicts. Rather, the Commission considered that the existing derogation
provisions of Article 9 of the Birds Directive provided Member States with adequate
powers, and that cormorant problems were best addressed at a regional scale.
Although this remains the current position of the European Commission, many fishery
stakeholders continue to believe that some form of pan-European or internationally
coordinated management plan is still required to reduce cormorant numbers at the
population level across Europe.
Advocates of a pan-European approach to managing cormorants suggest that this
might be achieved by agreeing on an appropriate population ‘reference’ level, or
population range, around which bird numbers would be managed. From a legal
perspective, such management decisions would fall within the competency of
Member States. It is thus likely that reference levels would need to be set separately by
each country, although this could be based on compatible principles and in
consultation with neighbouring countries. Under such an approach, relevant national
authorities would need to reach consensus on general criteria, establish appropriate
reference levels and agree a number of associated issues. These would include
decisions about the geographic scale for the ‘target’ population (or populations),
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monitoring arrangements to assess population status and the co-ordination and
evaluation of management activities. It is stressed, however, that cormorant
population management would not be the main objective in itself; rather, the aim
would be to reduce the incidence of serious damage at fishery sites. So, fisheries
would also need to be monitored to ensure there was a benchmark against which the
efficacy of the measures could be assessed as a basis for ongoing management
decisions.
The calls for cormorant management put forward by fishery stakeholders typically
advocate population management measures targeted at breeding colonies, rather
than in wintering areas when birds are more widely dispersed, since this is considered
more effective and would enable better control. These calls further advocate the use
of measures such as egg oiling rather than shooting as the primary means of control
(e.g. EIFAC 2008). Such measures are seen as particularly appropriate for use in
cormorant ground-nesting colonies, although alternative methods (e.g. disturbing birds
to make eggs cool off) could also be applied effectively in tree-nesting colonies,
although at greater expense. The extent of ground-nesting, as opposed to nesting on
trees, varies considerably between countries.
Monitoring, including assessments of damage, would be a key requirement alongside
any population control measures, as this would be necessary to inform ongoing
management decisions and enable the efficacy of any such strategy to be assessed
and modified as necessary. This would also ensure that the plan was in line with the
requirements of the Birds Directive, that a secure status of the species is maintained,
and that there was a reduction in the incidence of serious damage at fishery sites. This
monitoring and feedback process, known as adaptive resource management is
increasingly used in managing wildlife resources - for example, in respect of hunted
duck and goose populations in North America. It has been suggested that such a
strategy would also be broadly similar to the biological reference points and
associated assessment and management procedures that are used in the sustainable
management of many fish stocks.

7.5

Biological considerations relevant to possible pan-European cormorant
management

i. Predator/prey interactions
Predator/prey interactions are a natural part of the complex relationships that take
place within ecosystems. Thus, predation on fish by cormorants and other fish-eating
birds, and predation by fish on other animals, is a normal part of the natural interactions
that occur between species in aquatic habitats (see chapter 7 and chapter 10 of Carss
et al. 2012). In a natural, ‘unmanaged’ situation predator numbers would typically be
closely linked to, and governed by, the availability of suitable prey species. Where prey
is readily available and abundant, predator numbers typically increase, either through
an increase of the population (e.g. due to better survival or increased breeding output)
and/or as a result of predators moving into an area. Conversely, in the absence of good
access to ample prey, predator numbers fall. Similarly, this can be as a consequence of
a reduction in population size (e.g. higher mortality rates, reduced breeding output) or
due to bird movements out of a particular area.
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In simple situations (e.g. one predator and one prey population within a closed area),
these processes often result, in the long term, in predator/prey numbers oscillating
around a particular level – the predator/prey equilibrium. In practice, predator/prey
interactions are rarely so simple and any such natural equilibrium level, even if
attained, may be unacceptable where the resource (the prey) is also of interest to
man. In such circumstances the predators are viewed as competitors for the same
resource as they conflict directly with man’s use of the resource, with potentially wider
social and economic implications.

Country-wide counts of Great Cormorant nests are conducted annually in a few countries in Europe. Photo: T. Bregnballe.

ii. Cormorant population dynamics
The European cormorant population has increased rapidly and the breeding
population has gradually expanded into parts of Europe where the species was
absent or scarce for many decades. The pattern of expansion illustrates the capacity
of the sinensis sub-species to newly colonise or recolonise suitable breeding areas
and respond positively: (a) to protection against persecution and pollution; (b) to
access to safe breeding and roosting sites; and (c) to easy access to waters rich in fish.
Adult Great Cormorants that are not exposed to shooting will normally have a high
probability (80 - 90%) of surviving from one year to the next (although they may suffer
higher mortality in cold winters). In addition, when food conditions are favourable they
are able to breed when two years old and raise 2 to 4 young to fledging, whereas the
age of first breeding is delayed and the fledgling numbers are less when the birds’
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diets are more impoverished. Consequently, cormorant populations can increase by
more than 25% year-on-year. Furthermore, birds can respond quickly to deteriorating
food conditions by changing their choice of foraging sites. They can also move to
alternative breeding sites, but such responses will typically be from year to year.
Nonetheless, several studies have shown that cormorants can become seriously
constrained by limitations in the access to safe breeding sites and rich feeding areas.
For example, cormorant breeding performance can decline markedly if a colony
continues to increase and/or foraging conditions nearby deteriorate as a
consequence of predator/prey cycles or other developments. This is one of several
ways in which natural density dependence can operate and cause a transition from
growth to decline and subsequent stabilisation within a colony or population.
Almost all cormorant breeding populations in Europe will - after some years of growth
- become limited in size and further growth by the amount of food available around
the existing colonies and the access to hitherto uncolonised, attractive and safe
breeding sites. In theory, and given enough consistent effort, humans could influence
these factors in a number of ways and thereby affect the size at which cormorant
populations begin to stabilise.
In light of the above, a key factor that can be expected to influence the efficacy of
any possible pan-European management strategy is the extent of density-dependent
population regulation and the strength of the compensatory (feedback) mechanisms
that might apply.
For example, our knowledge of cormorant population dynamics indicates that a
reduction in numbers of breeding birds in an area (not caused by food shortage) often
leads to an increase in the numbers of young birds per nest that are fledged
successfully by those birds that do breed there, and where productivity is below
maximum potential. This is a consequence of reduced competition among cormorants
for food and the greater availability of fish with which adults can feed their offspring.
Under such a scenario, the greater the (downwards) ‘pressure’ that is applied to
reduce bird numbers, the stronger will be the (upwards) compensatory mechanisms
(within limits) that will operate to re-build population sizes. Such factors make it more
difficult to predict the impact of population reduction measures and would make
reducing numbers over large areas or at the population level a challenge.
Some population management strategies for cormorants seek to avoid the problem of
constantly working against compensatory mechanisms by working with density
dependence. Thus, a management approach is adopted where the objective is to restrict
birds to a particular area and limit their expansion to other surrounding areas through
control measures. In such a scenario, population size in the ‘permitted’ area would, in
effect, become regulated by the available resources (e.g. food and breeding sites) and
numbers would be expected to fluctuate about some equilibrium or carrying capacity
level within the more limited area available to the cormorants. Active measures would be
required outside this area – for example, preventing new colonies and/or new roosts
establishing and/or the use of active deterrents at feeding sites – in order to restrict
expansion. Of course, preventing such expansion of the population would not normally
be easy, particularly at a larger scale. Nonetheless, such an approach has been applied
successfully in certain countries and situations. Thus, preventing the formation of new
breeding colonies in Denmark has been used to restrict the fish resources available to
cormorants during the breeding season and thereby limit the population from further
expansion and reduce impacts on fisheries in particular areas.
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The practicalities of pan-European cormorant control

The possibility of pan-European control has been the subject of previous theoretical
assessments using population models. A simple model based on the 1998-99
continental cormorant population was developed to predict the effect of different
levels of culling. However, one drawback of this early model was that it did not take
into account any geographical variation in culling intensity. A later model included
some geographical sub-division of the winter range (France vs. the rest of Europe),
because, in recent years, culling intensity has been greater in France than elsewhere
in Europe. This model indicated that the effects of culling are highly dependent on the
extent of immigration into an area. The modelling investigations suggested that some
form of pan-European population control might be feasible, in principle, but presented
a number of challenges.
In practice, there are many reasons why attempts to reduce the continental cormorant
population, and to manage it around some ‘acceptable’ level, would be difficult on
such a broad scale. For example, the large territory, widespread breeding populations
and further mixing and dispersing of the birds in winter (see Chapter 4 and 5 of this
report) means that there will be no simple relationship between management actions
in a restricted part of the breeding areas (e.g. in one country) and the consequences
of these actions in wintering areas, or vice versa. Furthermore, since numbers and
distribution patterns of the birds are partly determined by density-dependent factors
operating both within and outside the breeding season, there is considerable potential
to compensate for reductions in numbers through changes in both the distribution of
the birds, and their fertility and mortality rates. Public acceptability and ethical
concerns would also need to be considered.
Any use of lethal techniques for population control at a broad scale would need to
take account of a range of factors, including the level of mortality achieved relative to
immigration and breeding rates, migratory patterns and the relative levels of controls
in different areas. This would make it difficult to achieve a successful, pre-determined
outcome. Population control has typically proved most cost-effective and long-lasting
where the bird species causing problems has been contained in relatively small,
localised populations. The widespread nature of cormorant breeding populations, with
birds mixing and dispersing across Europe in winter as demonstrated in this CormoDist
project, makes it a challenging task to develop models that can predict realistic
outcomes from different management strategies. Nevertheless, this work suggests
strongly that it will not be possible to protect specific wintering areas from cormorant
predation through the reduction of breeding numbers elsewhere in Europe. Similarly, it
is clear that the Commission does not have the authority to request individual Member
States to reduce cormorant numbers. Even if this were the case, the best ecological
understanding that, on some level at least, birds are attracted to the ‘better/optimal’
foraging sites (with many birds feeding in ‘suboptimal’ areas), and that these ‘optimal’
foraging sites can often be those of high fisheries value too, implies that a large
proportion of the overall European cormorant population would need to be removed
annually to produce a verifiable reduction in damage at such sites. Even if legally
possible, such a strategy would appear to be unviable.

7.7

Adaptive Resource Management

A general conclusion of population modelling is that constant population
management with fixed rules, quotas or rates is typically either too ineffective in terms
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of population reduction or poses risks for population viability. Fishery stakeholders
consider that any broad-scale population reduction plan for cormorants would need
to be adaptable, tightly monitored and consistent with Birds Directive objectives. This is
also consistent with the adaptive resource management approach that is commonly
now advocated for managing many wildlife species. With increased levels of
monitoring in place, management measures are reviewed and updated in light of
population changes. Such an approach is judged to be both effective and safe, since
it provides feedback mechanisms and the opportunity to stop control measures,
should this be necessary, before a population becomes critically reduced. For
cormorants, this would allow management rules to be adopted taking into account
the current state of the cormorant population, as well as whether the management
actions are reducing the incidence of serious damage at fishery sites as planned.
A recent example of adaptive resource management is provided by the International
Species Management Plan that has recently been agreed in relation to the Pinkfooted Goose Anser brachyrhynchus. Further details are provided below.
Another example of the application of modelling and an adaptive resource
management approach is provided by the cormorant licensing strategy used in
England in recent years to determine a ‘reasonable’ upper limit of cormorant numbers
allowed to be shot each year. The approach relies on a simple population model,
informed by annual wintering counts, to assess the effect of different levels of shooting.
This allows the number of birds permitted to be shot in the following year to be
reviewed and, as necessary, adjusted. The process benefits from the fact that the
wintering population in England is relatively small and has limited immigration relative
to mainland Europe, and that it operates within a single national jurisdiction. It is
unlikely that the same approach could be readily applied to the much larger, more
migratory populations across Europe.

7.8

How might a reduction in cormorant numbers affect levels of damage
to fisheries?

It is unclear how any overall reduction in cormorant numbers might affect degrees of
damage at fisheries. It is generally accepted that cormorants are attracted to, and will
attempt to exploit, feeding sites where they can forage in the most energetically
efficient manner and in relative safety. However, other factors may also influence site
selection. Thus, for migrating birds, there is evidence, for some areas at least, that the
bird’s first choice may be large water bodies, with birds expanding from these to
smaller water bodies subsequently. It is perhaps less clear whether these first choice
sites represent optimum foraging sites or reflect, in part at least, the use of rivers and
large waterways as migration corridors. It is also uncertain to what extent the
subsequent spread to smaller foraging sites is driven by increasing numbers of birds,
and thus competition for resources, or the fact that foraging opportunities are better at
these other smaller sites and that new ‘habits’ develop over the years.
Biologically, it can be assumed that cormorants (as with most animals) select their
foraging locations on an energetic basis – put simply, they are likely to try to maximise
their energy intake through encounters with prey and food consumption, and
minimise their energy expenditure on things like travel to foraging sites, diving times
and prey capture. Even at this simple level it is clear that some foraging sites will
therefore be ‘better’ than others (through the abundance of prey and its availability)
and so biologists often refer to foraging (and other) locations as being either optimal
or sub-optimal. Just as some foraging sites are ‘better’ than others, some individual
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birds are ‘better’ foragers than others – at its simplest and most general, young (i.e. firstyear) birds tend to be less efficient foragers than older individuals, for instance. A
consequence of all this is therefore likely to be ‘competition’ between individual birds
in any particular area for specific foraging sites, with the most efficient/experienced
birds dominating at optimal sites and less efficient/experienced ones being forced to
feed at sub-optimal sites. Furthermore, at some point along this spectrum of declining
site quality, it will become unprofitable for an individual bird to forage at a specific site
and they will have to move to another one.
Cormorants consistently and predictably turn up to forage at particular sites, and
numerous conflicts arise with fisheries interests where these are the sites most valued
by recreational anglers, commercial fishermen or fish farmers. This is because the sizes
of fish consumed or damaged by the birds often coincide with those that are of
interest to users. Given this situation, it might well be assumed that these sites are also
optimal foraging sites for cormorants and/or are sub-optimal sites used frequently by
the birds. In other words there is some sort of ‘pressure’ on the birds to be foraging
where they do at what might be termed ‘prime’ sites. Because of the mobility of
cormorants, killing or scaring birds at such prime sites commonly creates opportunities
for new birds to replace those that have been killed or scared. Even where large,
organised cormorant culls take place each year, bird numbers can recover quickly as
replacement individuals move in, particularly at sites that are on established
cormorant migration routes. This suggests that large-scale killing of birds may not
necessarily provide the ready solution to local cormorant conflicts that is often
imagined.
A reduction of the cormorant population to a lower, more acceptable level would
reduce the overall impact of the birds on fish stocks and fisheries – fewer cormorants
across Europe would eat fewer fish. This is unequivocal. However, scientific opinion
suggests that the decline in the pressure on fisheries would be less than the decline in
bird numbers might suggest, as birds are likely to continue to favour high quality
habitats that offer the best foraging potential. Ecological theories and our limited
understanding of cormorant movements and foraging-site choice suggest that, where
cormorant populations are constrained by available resources, a reduction in bird
numbers results in the abandonment of marginal, sub-optimal, foraging areas first.
Thus, although fewer birds should mean fewer fisheries with problems, conflicts may
well persist at many of the ‘prime’ sites. Since such sites are often those that are most
valuable or desirable to fisheries stakeholders, the reduction in conflicts may be
disproportionately small.
On the other hand, in this situation where scientific evidence is incomplete, some
fishery stakeholders believe that a reduction of cormorant numbers would result in a
significant reduction of damage at most fisheries, not least those which currently suffer
the heaviest damage because local on-site management measures are not effective.
This expectation is based on their general assumption that population management
would reduce cormorant numbers at breeding colonies and wintering roosts to a level
which prevents the over-exploitation of adjacent waters. In breeding areas the effects
of population reduction are seen by some fishery stakeholders as being relatively easy
to predict: If management succeeds in holding colony size at a level which prevents
over-exploitation this would ensure that cormorant predation stays below the
threshold of 'serious damage' and consequently would result in higher prey availability
in adjacent waters. This, they claim, would reduce the need for birds to commute
relatively long distances to forage and so fisheries more distant from a colony would
see a disproportionally large reduction in levels of damage. Effects in wintering areas

EU / DG ENV SERVICE CONTRACT
N° 070307/2013/657707/ETU/B3

DCE - DANISH CENTRE FOR ENVIRONMENT AND ENERGY
AARHUS UNIVERSITY

101

are more difficult to predict, but fishery stakeholders believe it is not unreasonable to
expect that a reduction of the overall population would, to a certain extent, reverse
the geographical expansion of cormorants, or at least reduce the predation pressure
in newly colonised areas.
There is also a belief among some fishery stakeholders that a reduction of cormorant
numbers in a particular area could result in an over-proportional reduction in damage
at fishery sites. This is based, in part, on the view that the pressure to abandon larger
water bodies would be reduced or removed if bird numbers were lower, resulting in
reduced pressure on fishery resources in other smaller sites more distant from roosts.
Such arguments are also based on the fact that the damage at many of these smaller
sites can be of greater significance, on the grounds that the fish populations are of
higher commercial value, recreational interest and/or conservation concern than
those in many large water bodies. It is clear that economic and conservation
considerations will be important in the context of assessing damage (and in targeting
management action), and such arguments may be valid, for example, in the case of
alpine river fish populations in central Europe. However, not all stakeholders subscribe
to this opinion, and it is not the case universally across Europe that smaller water
bodies are of the highest commercial or recreational interest (and, in some cases, the
opposite is true).

7.9

Practical considerations related to the timing and scale of cormorant
control measures

i. Control of cormorant numbers at breeding sites
There is general consensus that any attempt at pan-European control would need to
be targeted at concentrations of breeding birds because only when the birds are
congregated together could measures be applied on a sufficiently large scale.
Measures against breeding birds are already employed in some countries (e.g.
Denmark), typically through egg destruction in ground-nesting colonies, where nests
can be accessed with relative ease. However, measures at breeding colonies aren’t
necessarily restricted to ground-nesting birds as, for example, actions could perhaps
be used to scare birds from their nests in trees such that eggs become cold and
embryos fail to hatch, although this would be more difficult and costly.
Nest or egg destruction, or actions against birds at breeding colonies, over a
sufficiently broad scale will reduce the breeding output of the birds. It follows that with
fewer fledged birds at the end of the breeding season, a reduced number of older
birds will visit fisheries in winter, and, in subsequent years, fewer adult birds will recruit
to the breeding part of the population. However, such measures would need to be
applied each year to achieve a lasting effect; the effect on recruitment in any year
may be less than expected if there is a surplus of younger birds in the population.
Eggs can be destroyed by several methods: egg removal, egg pricking or egg oiling,
although oiling is the method most commonly used and generally regarded as
cheaper, more effective and more humane. Investigations have demonstrated that
egg destruction can be effective at reducing local populations of cormorants,
although the results can be variable and studies in North America have shown that
there may be an increase in dispersion of cormorants away from nesting colonies
where oiling takes place.
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A number of factors can influence the efficacy of different egg destruction methods.
The oiling of eggs usually has the advantage over egg-removal or destruction in that
the adults will commonly not lay a new clutch and will continue to sit on the oiled
eggs until it is too late in the season to lay a replacement egg clutch that year.
The management methods used to reduce breeding numbers will thus vary and
depend on factors such as whether cormorants are nesting in trees (where nest/egg
destruction is likely to be very difficult and expensive) or on the ground, and whether
or not the particular methods are acceptable and permitted. For example, the killing
of adult breeding birds has been used to reduce cormorant populations in a few
colonies in Japan. However, in parts of Europe such actions may be considered
unacceptable or inappropriate and attract opposition on animal welfare, ethical or
other grounds. In any event, the experience from parts of Europe, North America and
Japan is that success generally requires actions that are repeated over several years
and which affect a large proportion of the breeding birds; this can be counteracted by
sudden changes in food availability.

Great Cormorants need to dry their feathers in between foraging trips. Photo: S. Ortmann.

ii. Control of wintering cormorants
The large-scale control of cormorants over the winter period when birds are widely
dispersed across Europe would present a huge challenge. Experiences at sites in
Europe where relatively large-scale shooting has previously been carried out on
cormorants migrating between breeding and winter feeding areas (e.g. Bavaria and
France) have indicated that shooting was not generally effective in reducing
cormorant numbers in the area over the remainder of the season, with shot birds being
rapidly replaced by individuals from elsewhere, especially at attractive feeding sites.
The fact that these areas are on migration fly-ways is seen as a key reason for the
apparent rapid replacement of shot birds. The chances of achieving a decline in the
numbers of birds appearing in later seasons are not high, and it has so far been
impossible to clearly demonstrate any impact of such regional shooting on the wider
population as a whole.
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Any pan-European measures at winter feeding grounds would be expected to require
repeated and intensive intervention at day and/or night roosts on a wide scale, and
would likely be most effective if undertaken at a majority of sites. Such efforts would
be very demanding, especially where cormorants respond by dispersing within an
area, thus establishing a greater number of roosts each containing fewer birds. PanEuropean control measures could, of course, be applied on both breeding and
wintering birds.

7.10 Practical (and other) considerations
Aside from the biological issues, broad scale population reduction through culling, nest
destruction or egg oiling raises practical, economic, political and ethical issues.
The application of all lethal (and non-lethal) techniques requires repetitive use of
manpower, so costs depend to a large extent on whether or not responsibility for
payment is made by or to those involved in any control programmes. Costs can be
substantially reduced where manpower is available on a voluntary basis, or where it
may be possible to implement controls in conjunction with other activities (e.g. hunting
or as part of normal fish husbandry activities). Where dedicated expenditure is
incurred, costs will be relatively high, and the costs of guns and ammunition can also
be substantial. Beyond this, the costs will mainly be dependent on the scale of the
programme. In the absence of any current plan, there is little, if any, information on
which to assess the likely cost of a co-ordinated cormorant management plan
operating across Europe. Although there are no readily-available cost estimates for
such management options in the public domain, some fishery stakeholders argue that
actions targeted at limited numbers of breeding colonies should be considerably
lower than the cost of shooting and deterrent measures employed at thousands of
individual foraging sites. However, even if cheaper, it is unclear whether such
management in the summer would reduce the damage cormorants are considered to
have on fisheries at other times of year, especially in the winter.
If lethal measures were to be employed on a larger scale, an additional practical
consideration would be the need to co-ordinate actions effectively. This may require
the establishment of collaborative stakeholder groups and real-time communication
networks to ensure that efforts are targeted to best effect at appropriate times and
places. Alternatively, agreements might be established between national
governments or regional authorities. In addition, it would be necessary to decide who
might fund any culling and who actually carries it out. This is relevant because
conflicts tend to occur at bird foraging sites where shooting is the only practical lethal
control measure, whereas the control of cormorant populations at nesting sites would
often be required in countries and, sometimes, at sites other than where the conflicts
actually occur.
The acceptability of lethal control measures depends to some extent on the viewpoint
of the stakeholders involved. For a fishery owner or fish farmer faced with a cormorant
problem, shooting to kill may be seen as a more acceptable option. For some other
stakeholders (e.g. conservationists) lethal measures will be less acceptable or even
unacceptable.
Wildlife management is carried out throughout Europe with actions ranging from
attempts to eradicate invasive non-native species and control pest species to species
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conservation and restoration activities. Such activities occur over various geographic
scales, sometimes requiring collaboration between countries, for example the Large
Carnivore Initiative for Europe (see LCIE, 2008). The majority of citizens recognise the
validity of such actions and accept that lethal control measures can be a legitimate
activity where this is done in support of a reasonable objective, is undertaken in a
proportionate and legal manner, and implemented as humanely as possible.
In the context of cormorants, the use of lethal control measures to address localised or
short-term conflict issues is typically seen as a necessary and acceptable
management option and has general support across stakeholder groups. Large-scale
population control at a national or pan-European scale is more contentious, raising
concerns not only about its necessity / likely effectiveness, but also in relation to the
potential degree of impact on cormorant populations. This would be expected to
attract differing views among stakeholders and politicians, and the killing of any
wildlife can also attract comment, criticism and opposition from the general public on
ethical grounds. Many fishery stakeholders believe that a co-ordinated and
appropriately regulated pan-European population control plan, particularly one
principally concerned with reducing breeding output, would be the best way to allay
such concerns, and they advocate this as the preferred management option.

7.11 An example of pan-European population management of a bird
species
While wildlife management is practiced widely across Europe, there appear to be few
examples of co-ordinated action on a European scale to regulate a bird population.
However, management of the population of one goose species which is in conflict
with agriculture and causes damage to high-Arctic tundra vegetation might prove
informative in further assessing the likely success of any pan-European cormorant
management plan. A new adaptive international management plan concerning the
population of Pink-footed Goose breeding on Svalbard (Norway) and staging and
wintering mainly in four countries (Norway, Denmark, the Netherlands and Belgium)
has been initiated under the Asian-Eurasian Waterbird Agreement (AEWA). This
involves shooting of geese (mostly in Norway and Denmark) to stabilise the population
size within an agreed range. It also encompasses habitat management and coordination of various other management efforts.
The plan has four objectives:
1. Maintain a sustainable and stable Pink-footed Goose population and its range;
2. Keep agricultural conflicts to an acceptable level;
3. Avoid increase in tundra vegetation degradation in the breeding range; and
4. Allow for recreational use that does not jeopardise the population.
The target for Pink-footed Geese is to maintain the population over the long term at
around 60,000 individuals such that the favourable conservation status is maintained
but the risk of population explosion avoided.
There are a number of key differences between this plan for the Pink-footed Goose
and any potential plan in respect of cormorants. In particular, the Pink-footed Goose is
considered a threat to itself – a rapid population increase would reduce the quality of
its limited breeding habitat and could lead to a subsequent population crash. From a
practical perspective, the goose population is fairly easy to monitor compared with
Great Cormorant populations, and the number of countries that have to agree on
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goals, objectives and management actions is relatively limited. Further, the cormorant
population could already be said to have ‘exploded’, meaning that the initial focus
here would need to be on population reduction rather than largely maintaining a
status quo. There are also resource use issues in respect of the goose, due to its
recreational interest (i.e. for hunting). There are, however, also similarities between the
two species – both are successful migratory birds which cause localised economic and
ecological damage. Thus, the goose plan will provide Europe with more experience
about how to flexibly manage migrating populations of birds that are in conflict with
human interests. This, in turn, may prove informative in further considerations related to
the potential management of cormorant populations at a pan-European scale.

7.12 Cormorant management approaches at smaller spatial scales
As Marzano et al. (2013, p. 10) point out “The multi-dimensional nature of cormorantfisheries conflicts and the current philosophy of devolving management decision
making to Member States currently precludes a single, co-ordinated solution to
managing European cormorants in terms of continental-scale reduction in their
breeding numbers or reproductive output”. Moreover, the results of the CormoDist
project give further ecological evidence suggesting that such action will not reduce
the numbers of cormorants wintering in specific areas
However, as Marzano et al. (2013, p. 10) go on to say: “this situation is not necessarily
restrictive and it arguably offers considerable opportunity for tackling cormorant
problems across Europe in practice. Key to this is the apparent under use of actions
under derogation and, ultimately, the possibility of integrating actions to tackle
problems over relatively large areas. Importantly, there is potential scope for defining,
interpreting and quantifying ‘serious damage’ to make derogations more practical
(see EU 2013). Similarly, the achievement of favourable conservation status for the
cormorant is not required as it is currently listed in the Birds Directive. Thus, the current
issue of cormorant population management is not one of conserving an endangered
species but of managing one that some believe to be ‘overabundant’. This is not
primarily an ecological term but one associated with human perceptions and the
human management of wildlife (cf. Caughley 1981). There may be scope for
transboundary coordinated management actions, carefully based on the derogation
conditions in Article 9 … Nevertheless, there are likely to be technology-transfer issues
involved, as particular fisheries (even within the same regional fishery type) often
consider themselves to be unique (Carss & Marzano 2005). Cormorant management
would require flexibility and effort, and would come at a cost to fisheries owners and
occupiers, but it might be achieved through acknowledging that these stakeholders
face substantial problems (including cormorants) and therefore need the provision of
advice, encouragement and financial support, compensation or incentives (cf. LCIE
2008, pp. 80-81). To help this process further, there would also be a need for an
international network exchanging ecological data, information and contextual
understanding, as well as practical advice and experience-sharing on the use of local
management techniques between interested parties across Europe”.
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Great Cormorants do to some extent follow rivers during migration over land. Photo: F.
Möllers.

7.13 Management of cormorant numbers at a regional scale
In the absence of any plan to manage the size of the Great Cormorant population on
a pan-European scale many fishery stakeholders focus on options for managing
numbers at local or regional scales. The Birds Directive offers possibilities for taking
steps aimed at lowering numbers locally or regionally. Furthermore, as already
mentioned, the European Commission is encouraging Member States to consider the
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potential for co-ordinating management actions against cormorants across broader
scales through bilateral (and larger) agreements.
Previous experience suggests that national or regional authorities can be successful in
reducing breeding numbers within an area or region, whereas the chances of
successfully controlling the numbers of cormorants that appear in areas and regions
used for staging and/or wintering are likely to be more limited. The main methods
used to reduce regional bird numbers outside the breeding season typically involve
killing or scaring of birds on their feeding grounds and/or roosts. This is likely to be
most successful if intensive disturbance is targeted at the majority of such sites.
Intensive scaring at feeding sites and/or at night roosts has, in some cases, been
shown to result in marked reductions in the number of cormorants appearing in a
particular area or region during the remainder of the season, although as noted in the
previous section this may not always occur (e.g. Bregnballe et al. 2015). In other
instances, such efforts have resulted in fragmentation, with birds establishing many
smaller roosts in surrounding waterbodies. The likelihood of success with such actions
will likely be affected by the area under consideration, but seems to depend partly on
whether the cormorants use the area or region as a staging place to ‘stop over’ during
their migration, or whether they are wintering permanently in the region. In the latter
case, actions at numerous sites may, in theory, be more likely to affect national
populations. The location of the area or region in relation to broader European
migration patterns is thus important in considering the possible outcome of intensive
scaring. In any event, scaring and harassment would normally, as a minimum, have to
be repeated both during the season and in subsequent years to have a lasting effect.
Such efforts may need to be pretty much continuous on sites located on migration
pathways, at least for the duration of the migration period.
As noted previously, an alternative strategy that can be appropriate at a regional
scale is to restrict birds to a particular area and limit their expansion to other
surrounding areas through control measures. Local scale actions in Switzerland
provide an example of such an approach, where birds are allowed to forage freely on
certain lakes but are actively scared from small rivers. In this way, the local bird
population within the ‘permitted’ area is regulated by available resources (i.e. the
carrying capacity of the area) and expansion beyond this area is prevented by
targeted actions. This approach has the benefit that it works with density-dependent
regulatory mechanisms rather than against them.

7.14 Further practical smaller-scale measures, capacity building,
technology transfer and demonstration projects
Given that one single, overall solution to cormorant problems (i.e. continental
population reduction) seems highly unlikely, the most effective approach is to frame
things in terms of problems that are best be addressed through targeted
management. This could be management targeted at particular locations and at
particular times of year. We are now in a position to apply all our knowledge in
practice. Such a strategy could also support the implementation of EU directives and
move toward ‘sustainable’ adaptive management for cormorant issues.
As described on the EC Cormorant Platform, and in greater detail in Russell et al.
(2012), there are numerous management actions that can limit the interaction
between cormorants and fish. Such actions fall into one of four broad categories: (1)
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scaring birds away from a fishery, (2) protecting the fish by preventing cormorants
from reaching them, (3) altering fish availability to cormorants by making a fishery less
attractive as a foraging site, and (4) reducing overall cormorant numbers for example
by killing birds locally to reinforce scaring, killing them more intensively, or reducing
their reproductive efficiency. These management actions do not always work, but all
have been shown to be successful in certain circumstances, times of year and places.
The key is perhaps to devise ‘demonstration projects’ that would (1) focus on
demonstration and practical experimentation, (2) building capacity through
knowledge-sharing and conflict resolution work, (3) explore economics (particularly
the ‘cost-effectiveness’ of management actions) and, (4) involve regional and transboundary co-operation where appropriate.
As cormorant fisheries conflicts are very often not human:wildlife conflicts at all but are
human:human conflicts (see chapter 1 of Marzano & Carss 2012), there is
considerable scope for reducing the perceptions of such conflicts and the role (if any)
of cormorants in fisheries declines. This might best be achieved through carefully
targeted, and facilitated, conflict resolution activities. Similarly, the issue of technologytransfer as a barrier to effective cormorant-fishery conflict management has been
noted elsewhere (see above; Marzano et al. 2013) and so an inclusive, proactive
approach to this is necessary. The aim of such targeted management, perhaps
through demonstration projects, should be to ‘up-scale’ the so-called site-specific
management measures described above and the concept of ‘local’ or even ‘regional’
to cover particular fishery sectors. Currently some of the most volatile conflicts and the
most tractable situations for such work include recreational angling on sub-Alpine
rivers, extensive Carp pond farming, and possibly commercial fisheries and
environmental issues on Baltic Sea archipelago coasts.
Here, the key to success might be in capacity building and conflict resolution to
address many of the human:human issues and the practical experimentation and
demonstration of so-called site-specific management actions - under the flexible
interpretation and use of derogations – over increasingly larger geographical areas
through proactive technology transfer. Such progress is likely to require some
dedicated management and financial funding and would also benefit from some
further targeted research to improve our understanding of cormorant movements and
foraging site-choice, including (i) which factors influence the foraging- and roostingsite choices of cormorants, (ii) what influences movements – why and how birds
decide to leave (or remain on) a particular foraging site or wider staging or wintering
area, and (iii) modelling the migratory behaviour of cormorants to feed into effective,
targeted management. Furthermore, the fairly new approach of individual-based
modelling offers potential for addressing these difficulties. For example, in attempting
to predict future changes in distribution of cormorants in Europe outside the breeding
season, these types of models can incorporate knowledge and assumptions about
how cormorants respond (in their choice of staging and wintering sites) to factors such
as changes in the climate, intensity of competition for food and changes in levels of
disturbance.
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8 Discussion and concluding remarks
The CormoDist project was initiated to achieve two major objectives. First, to provide
an overview of where cormorants from different breeding populations occur in Europe
during autumn and winter. Second, to determine the geographical origin of the
cormorants occurring in the various Member States by quantifying the proportion
originating from different parts of the northern breeding range. The results of the
CormoDist project are based upon recoveries of cormorants ringed since the early
1980’s and so include some 30-35 years of data collection. By organising and
analysing these data as well as by developing and using a new model, the project
achieved both of its main aims, as presented in this report.
The present study has led to a number of major findings that add to our current
understanding of the migration patterns of Great Cormorants of the sinensis subspecies in Europe.

8.1

Migration patterns

8.1.1 Overall patterns of migration and distribution
The majority of Great Cormorants of the sinensis sub-species in Europe breed in
colonies located in countries around the Baltic Sea. These countries supported a total
breeding population of 168,000 pairs in 2012 (Bregnballe et al. 2014). The cormorants
originating from this part of the breeding range generally dispersed in various
directions during the post-breeding period, but tended to remain within a few hundred
kilometers of their breeding colonies. The cormorants originating from the western and
central parts of the Baltic Sea area stayed closer to the breeding areas in the first
months after the end of the breeding season than cormorants of a more northeastern
origin. There were differences in the timing of departure from the post-breeding areas
towards the wintering grounds. Finnish birds were the first to depart with birds
migrating in southwesterly directions already in July-August. Many of the cormorants
from Germany, Sweden and the East Baltic countries left the post-breeding areas
during September. Finally in October birds of Danish origin along with first-year birds
from Germany and Poland began to migrate. The recovery data suggested that a
large proportion of the birds from the Baltic Sea area had reached their wintering
areas by mid-November. The Baltic cormorants were widely distributed in winter with
some birds hardly migrating and others migrating to wintering areas located more
than 3000 km away. The Baltic cormorants were also widely distributed in east-west
directions from Romania-Bulgaria in the east to Portugal and the United Kingdom in
the west (see Fig. 4.1.4).
The breeding population of Great Cormorants in the Netherlands, Belgium and France
had close to 34,000 breeding pairs in 2012 (Bregnballe et al. 2014). After the end of
the breeding season, in July-August, most Dutch birds stayed within 100 kilometers
from the breeding colonies. The recoveries from July-November showed that first-year
and older cormorants from this part of Europe had dispersed in all directions after
breeding, although dispersal in northeastern and southwestern directions dominated.
Some of the cormorants had moved as far to the northeast as to reach the Baltic Sea.
Wintering of cormorants from these three Atlantic countries ranged from Denmark in
the north to Spain and North Africa in the south and to northeast Italy in the east.
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Cormorants have been breeding in fairly low numbers in central Europe and in the
countries close to the Adriatic. In 2012, a total of around 9000 pairs of cormorants
were breeding in southern Germany, Switzerland, Austria, the Czech Republic,
Slovakia, Hungary, Croatia and Italy (Bregnballe et al. 2014). The cormorants breeding
in Switzerland were in autumn mainly recovered to the southwest of the breeding
areas, i.e. in France and Spain, and in winter also along the western coasts of North
Africa. In contrast, during post-breeding and autumn, cormorants from the Czech
Republic, Hungary, Croatia and Italy were recovered both to the north of their
breeding areas (even along the southern coasts of the Baltic Sea) and to the south.
Most birds from these countries were wintering in central Europe, in the central part of
the Mediterranean and on the Balkan Peninsula.

8.1.2 Migratory connectivity
Overall, we found that cormorants from all breeding areas dispersed widely to
wintering areas throughout Europe and North Africa. There were, however, clear
differences between breeding areas. In particular, birds breeding further east also
tended to winter further east, although there was a large overlap in winter distribution
between eastern and western birds (see next section). These results confirm the earlier
findings from the direct analysis of ringing recoveries (chapter 4), but the statistical
model employed took into account the geographic variation in the probability of a
dead bird being reported.

8.1.3 Factors affecting migration behaviour
Age-related variation in migration behaviour and winter distribution was not
pronounced. There were almost no differences in migration behaviour and winter
distribution between first-year and adult cormorants. The largest differences were
observed during the post-breeding period when first-year birds tended to disperse in a
greater variety of directions than did older birds. For a few of the breeding populations
we also found indications of a more southerly wintering distribution of first-year birds
than of adults. See also van Eerden & Munsterman (1995) and Bregnballe et al.
(1997).
Although the winter distribution of males and females overlapped, more males
remained in central and northern parts of Europe compared to females. This is in
accordance with the findings of Eerden & Munsterman (1995) and Bregnballe et al.
(1997).
The location of breeding colonies along an east-west axis, a north-south axis and in
relation to the geomorphological outline of the surrounding coasts and landmasses
had effects on the directions taken by birds and the distances moved during postbreeding and autumn migration. It was also evident from the recoveries that the
consequence of this under some circumstances was that cormorants from almost
neighbouring colonies showed differences in where the majority of individuals were
wintering.
Count data have showed that year-to-year variation in winter harshness can influence
the overall distribution of cormorants in Europe, but this could not be fully studied in this
project. Recovery data was used to provide support for the hypothesis that an
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individual experiencing a very cold winter in its first year of life tended to choose more
southerly wintering areas later in life compared to an individual that was not exposed
to a very cold winter in its first year.

8.1.4

Changes in migration behaviour

We found clear changes over time in the winter distribution of birds from some of the
breeding areas, presumably reflecting changes in migration behaviour. In particular, it
appeared that cormorants from Sweden, Denmark, Germany and the Netherlands
had shifted their winter distribution north- and westward over the study period. This
shift could be a consequence of increased competition in central European wintering
areas from the growing easterly breeding populations.

8.2

Composition of wintering populations

The results from our model clearly document that wintering cormorant populations
throughout Europe consist of a mixture of birds from different breeding areas, i.e.
cormorants from many different breeding populations winter in the same area. There
is thus not a one-to-one correspondence between breeding and wintering areas. At
the same time, the connectivity between breeding and wintering areas is, however,
sufficiently strong to maintain distinctly different compositions within eastern and
western wintering populations. This follows directly from the observation that
cormorants from all breeding areas in northern Europe tend to migrate towards the
south and west in autumn (see earlier sections). The roughly parallel migration routes
imply that more westerly breeding birds also tend to winter further west (see also
chapter 4 and 5).
The composition of the wintering population has changed markedly over time in most
wintering areas (see chapter 5). This is a consequence of changes in migration
behaviour of some breeding populations (see above), combined with nonsynchronous changes in abundance in the various breeding areas. For example, the
recent and rapid growth of the breeding populations in Finland and the East Baltic,
combined with a westward shift in wintering distribution of the Danish population for
example, has led to a profound change in the composition of the population wintering
in east-central Europe (e.g. Fig. 5.4.6).
The size and composition of wintering cormorant populations will probably also
continue to be dynamic in the coming years. Even in the absence of changes in
migration behaviour, wintering populations will change as a consequence of
differential growth between the various breeding populations. Although density
dependence in wintering populations is not well documented, we judge it as being
highly likely that cormorants will change their distribution in response to changes in
local numbers, so that an influx of ‘new’ wintering birds will contribute to a
redistribution of birds that usually wintering in that area. On the other hand, a local
decline, due to the reduced influx from birds from a given breeding area, is likely to
make the wintering area more attractive to other cormorants. These mechanisms will
tend to buffer wintering numbers in a specific area over time, but may also lead to
rapid changes in composition. Other factors, such as changes in winter climate or fish
productivity, may also contribute to changes in the attractiveness of a given wintering
area.
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Implications of migration patterns for management

Our results clearly show that the distribution and composition of wintering cormorants
in Europe are complex and highly dynamic over time. Any attempt at managing
cormorant numbers in wintering areas would therefore have to take this into account.
Because there is no direct and clear correspondence between numbers on wintering
and breeding areas, changes in numbers of one breeding or wintering sub-population
are likely to lead to redistribution of other cormorants, thus buffering the effect of any
management actions.

8.4

Use of artificial versus natural feeding areas

Although the CormoDist project was tasked with estimating the proportions of autumn
staging and wintering cormorants that rely for foraging on natural wetlands and in
artificial commercial fisheries (i.e. aquaculture), this objective was acknowledged to
present a challenge from the outset. In consultation with the Commission, it was
agreed that “artificial commercial fisheries (i.e. aquaculture)” would be interpreted as
the extensive carp Cyprinus carpio aquaculture ponds to be found across Europe in
many Member States.
It was known that the ringing data used in the CormoDist project would not offer any
insight into the proportions of cormorants relying on natural versus artificial
commercial fisheries. Similarly, it would be very difficult to quantify or predict the
number (and, hence, proportions) of cormorants that permanently or temporarily
forage in artificial commercial fisheries (i.e. aquaculture ponds) outside the breeding
season.
Two further options were: (1) that knowledge about the relative numbers of
cormorants counted in coastal wetlands and in inland wetlands without fish farms
might give a rough idea about the minimum number of cormorants that achieve their
daily food requirements without foraging at fish farms. (2) that by estimating the
number of fish farms for certain countries or parts of Europe, and combining these
numbers with assumptions and knowledge about the number of cormorants that on a
daily basis forage at different types of fish farms, and by scaling-up these estimates, a
rough (if highly uncertain) overall estimate could be derived. However, on further
consideration, neither was found to be useful or to offer meaningful biological insight.
After careful consideration (including discussions with the IUCN/Wetlands
International Cormorant Research Group), it was thus decided that the most
biologically meaningful way of exploring the proportions of autumn staging and
wintering cormorants that rely for foraging on natural wetlands and in artificial
commercial fisheries (i.e. aquaculture) was to refer to published material on the
relationships between cormorants and their use of feeding habitats at specific water
bodies throughout Europe.
This material comprised a data set based on 132 reported ‘case studies’ of European
waterbodies where data on cormorant numbers and presence, water surface area,
and other environmental factors (including fish composition) were known. Whilst not
comprehensive of course, it seemed likely that the data set comprised a
representative sample of European waterbodies, at least of those occupied by
cormorants at some time of year. It was possible to analyse this data set in a manner
that would suggest something about the relative use of natural wetlands and artificial
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commercial fisheries, as it was known that many of the small water surface area sites
were commercial fish ponds and it was assumed that the remainder were likely to be
so-called ‘natural’ wetlands.
These data suggested that extensive fish farms are likely to play only a small role on
the population level for European cormorants, although they may be used extensively
by individual birds. The data also suggested that there may well be a high (but, as yet,
unquantified) turnover of foraging birds between natural wetlands and artificial
commercial fisheries. Furthermore, this situation suggests very strongly that the
‘expansion’ of the European cormorant population (throughout Europe overall and/or
in the Baltic region specifically) has little to do with extensive fish ponds in Europe.
However such an expansion does mean that, during migration and overwintering,
individual birds will exploit the opportunities of foraging at fish ponds, particularly
those located on migration routes or in regions where birds spend the winter.
Whilst far from complete, the analysis discussed here suggests strongly that extensive
fish ponds are not relied upon by cormorants at the population level across Europe.
Individual birds may however feed intensively at such sites and there is likely to be
turnover between these and more natural feeding sites. Fish ponds on migratory
routes or in the overwintering areas of cormorants are likely to be visited by these birds
which raises the issue of potential alternative foraging sites for them and their
proximity to, and location within, migratory corridors.
In very general terms, this analysis shows that it is very unlikely that European
cormorants are being supported (or maintained) at the population level by artificial
commercial fisheries in the form of extensive carp ponds. Thus it is highly unlikely that
aquaculture has ‘caused’ the increase in European cormorant numbers. This is
probably a very important message from the available data.
However, the analysis also suggests that there is a relatively higher use of smaller
(rather than larger) waterbodies (many of which are presumed to be fish farm ponds)
by cormorants. Thus, at the individual level, fish ponds are clearly important foraging
areas for birds in winter. This suggests two things. First, that cormorants are likely to
present conflicts at fish ponds as they are presumably attractive foraging sites for all
birds. Secondly, that the location – and predictability – of these ponds in relation to the
migratory corridors of the birds (and to any alternative feeding sites) is likely to be an
important issue. Overall, this suggests that improved knowledge of cormorant
foraging site choice and use of space in overwintering areas, and their ability to
‘switch’ between foraging sites would be very helpful in informing potential
management options for pond fish farms in particular (but probably other sensitive
fishery types as well).

8.5

Viable options to deal with cormorant-fisheries interactions

The work of the CormoDist project suggested strongly that it will not be possible to
protect specific wintering areas from cormorant predation through the reduction of
breeding numbers elsewhere in Europe. The data and analysis thus suggest that
population level management is unlikely to be a viable option to deal with cormorantfishery interactions.
In practice, there are many reasons why attempts to reduce the continental cormorant
population, and to manage it around some ‘acceptable’ level, would be difficult on
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such a broad scale. For example, the large geographical range, widespread breeding
populations and further mixing and dispersing of the birds in winter means that there
will be no simple relationship between management actions in a restricted part of the
breeding areas (e.g. in one country) and the consequences of these actions in
wintering areas, or vice versa. Furthermore, since numbers and distribution patterns of
the birds are partly determined by density-dependent factors operating both within
and outside the breeding season, there is considerable potential to compensate for
reductions in numbers through changes in both the distribution of the birds, and their
fertility and mortality rates. Public acceptability and ethical concerns would also need
to be considered.
Of course, given coordinated action across Member States that could include annual
reduction in the numbers of breeding cormorants and/or their reproduction output, it
would be possible – in theory – to lower the European cormorant population
drastically. Although presently unquantified, the effort and cost of such actions are
likely to be prohibitive. It is also likely that such a population cull would be
unacceptable (both to the general public and for ethical reasons). Our current
ecological understanding suggests that the most viable options for dealing with
cormorant-fishery interactions (conflicts) are not at the population level but at more
local or regional levels.
Given that one single, overall solution to cormorant problems (i.e. continental
population reduction) seems highly unlikely, the most effective approach is to frame
things in terms of conflicts that are best addressed through targeted management.
This could be management targeted at particular locations and at particular times of
year. We are now in a position to apply all our knowledge in practice. Such a strategy
could also support the implementation of EU directives and move toward ‘sustainable’
adaptive management for cormorant issues.
There are numerous potentially viable options on a smaller geographical scale, which
are discussed in detail elsewhere. The key issues here seem to be that although these
so-called site-specific management ‘tools’ are not always successful, they have been
demonstrated to work at certain locations and at certain times in terms of limiting the
interaction between cormorants and fish. Such actions fall into one of four broad
categories: (1) scaring birds away from a fishery, (2) protecting the fish by preventing
cormorants from reaching them, (3) altering fish availability to cormorants by making
a fishery less attractive as a foraging site compared to elsewhere, and (4) reducing
overall cormorant numbers for example by killing birds locally to reinforce scaring,
killing them more intensively, or reducing their reproductive efficiency.
The key is perhaps to devise ‘demonstration projects’ that would (a) focus on
demonstration and practical experimentation, (b) building capacity through
knowledge-sharing and conflict resolution work, (c) explore economics (particularly
the ‘cost-effectiveness’ of management actions) and, (d) involve regional and transboundary co-operation where appropriate.
As cormorant fisheries conflicts are very often not human:wildlife conflicts at all but are
human:human conflicts, there is considerable scope for reducing the perceptions of
such conflicts and the role (if any) of cormorants in relation to fisheries. This might best
be achieved through carefully targeted, and facilitated, conflict resolution activities.
Similarly, the issue of technology-transfer as a barrier to effective cormorant-fishery
conflict management has been noted and so an inclusive, proactive approach to this
is necessary. The aim of such targeted management, perhaps through demonstration
projects, should be to ‘up-scale’ the so-called site-specific management measures
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described above to embrace the concept of ‘local’ or even ‘regional’ concerted
actions to cover particular fishery sectors. Currently some of the most volatile conflicts
and the most tractable situations for such work include recreational angling on subAlpine rivers, extensive Carp pond farming, and possibly conflicts between
commercial fisheries and environmental issues along Baltic Sea archipelago coasts.
Here, the key to success might be in capacity building and conflict resolution to
address many of the human:human issues and the practical experimentation and
demonstration of so-called site-specific management actions – under the flexible
interpretation and use of derogations – over increasingly larger geographical areas
through proactive technology transfer. Such progress is likely to require some
dedicated management and financial funding and would also benefit from some
further targeted research to improve our understanding of cormorant movements and
foraging site-choice, including (i) which factors influence the foraging- and roostingsite choices of cormorants, (ii) what influences movements – why and how birds
decide to leave (or remain on) a particular foraging site or wider staging or wintering
area, and (iii) modelling the migratory behaviour of cormorants to feed into effective,
targeted management. Furthermore, the relatively new approach of applying
individual-based modelling offers the potential to address some of these difficulties.
For example, in attempting to predict future changes in distribution of cormorants in
Europe outside the breeding season, these types of models can incorporate
knowledge and assumptions about how cormorants respond (in their choice of
staging and wintering sites) to factors such as changes in the climate, intensity of
competition for food and changes in levels of disturbance.
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Appendix 5.1
Migratory connectivity: Details of material and methods

Introduction
The degree of connectivity between breeding and non-breeding areas, and
specifically the composition of wintering populations in terms of their breeding origin,
is an important research question in both fundamental and applied ecology. Migratory
connectivity has thus become a central theme in ecology and conservation biology
(Webster et al. 2002). Many different techniques have been used to investigate and
quantify migratory connectivity, including stable isotopes (Hobson & Wassenaar 2008,
Guillemain et al. 2014), population genetics (Sonsthagen et al. 2015), and tracking
using electronic devices (Frederiksen et al. 2012). However, traditional ringing remains
the most useful technique for the study of migratory connectivity in many bird species
(Thorup et al. 2014), particularly in cases where large-scale ringing has taken place
throughout the breeding range over long periods, and where many live or dead reencounters have accumulated. For the quantification of migratory connectivity,
information from many populations covering a large geographic area is needed.
Ringing and recovery data are often available from such large area, whereas e.g.
tracking data in most cases is restricted to one or a few populations or individuals.
Since the 1970s, very large numbers of cormorant chicks have been ringed throughout
Europe, and this effort has provided large amounts of information that can be used to
quantify migratory connectivity. The ringing effort has included all parts of the
breeding range in the Baltic region, central and western Europe since the early 1980s.
This high level of coverage allows a formal quantitative approach to the estimation of
migratory connectivity.
Here, we use the thousands of recoveries of dead ringed cormorants throughout the
winter range (Europe and North Africa) to quantify migratory connectivity. In addition,
a large (but spatially and temporally variable) proportion of the ringed chicks have
been equipped with engraved plastic colour rings that can be read from a distance.
Observations of these colour-ringed birds also provide large amounts of information
on migratory connectivity, but we have not had access to these data for all ringing
programmes. This analysis is therefore restricted to dead recoveries during the winter
period of cormorant chicks ringed 1983-2013.
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Methods

Parameters, variables, sub- and superscripts

B->W: period from breeding season until winter
BS: breeding success, mean number of chicks fledged per pair
i: superscript indicating breeding area
j: superscript indicating non-breeding area
k: subscript indicating year of ringing
ma: distribution probability of adults
mj: distribution probability of first-year birds
NB: breeding population size (number of pairs)
NWa: winter adult population size (1 Y+, number of individuals)
NWj: winter first-year population size (number of individuals)
r: recovery probability
Sa: annual survival probability of adults (1 Y+)
Sj: annual survival probability of first-year birds
t: subscript indicating year of recovery [also used in population model]

Spatial coverage and structure
Our aim was to provide estimates of migratory connectivity for the population of Ph. c.
sinensis breeding in northern and central Europe. We therefore excluded breeding
areas populated exclusively or mainly by Ph. c. carbo (the British Isles incl. the Channel
Islands, Iceland, Norway except the south-eastern region, Arctic Russia), as well as
eastern and south-eastern areas of Europe having breeding populations of Ph. c.
sinensis (see borders of areas included in Fig. 5.2.1). Ph. c. carbo also breeds in western
France mixed with Ph. c. sinensis, and this population is included here.
We included all known wintering areas of our target population. However, some of
these areas are shared with Ph. c. carbo (Norway, Sweden, Denmark, the British Isles,
western France, the Iberian peninsula) (Wernham et al. 2002, Bakken et al. 2003) or
Black Sea Ph. c. sinensis (the Black Sea region, Greece, eastern North Africa), and our
estimates of wintering population size and composition thus do not reflect all
cormorants present in these areas.
We defined 12 breeding areas and 11 non-breeding areas (Fig. 5.2.1 and 5.2.2). The
breeding areas were largely defined based on national administrative borders,
because data on numbers ringed were usually only available at the national level.
Non-breeding areas were defined using a combination of administrative and
biogeographic criteria, but the exact definitions used local administrative borders for
convenience.
Ringing and recovery data
Cormorants have practically only been ringed as unfledged chicks in Europe, and in
this study we did not include the very few birds ringed as adults, either during the
breeding season or in winter. Ringing and recovery data were obtained from the
EURING database (www.euring.org) and from the national ringing centres. We used
data from 1983 until 2013, including recoveries from the 2013/14 winter. A total of
222,467 cormorants chicks were ringed in the study area during this period (Table 1).
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A substantial proportion (but highly variable in space and time) of these chicks also
received a plastic colour ring with an alphanumeric code on the other leg; the
presence of a colour ring may have enhanced the probability that these birds were
reported if found dead. However, we did not have access to information about the
colour ring status of each bird (or in some cases, even the proportion of all birds which
were colour-ringed), so we were unable to include this potential effect in our model.
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We included dead recoveries from the winter period (15 Nov – 28 Feb), when
cormorants were assumed to have reached their wintering areas and remain fairly
stationary (Bregnballe et al. 1997, Frederiksen et al. 2002). Records where only the
ring was found and those with a highly uncertain finding date were excluded. We
retained 4,511 recoveries (Table 2), of which 2,003 referred to shot birds, and 2,508 to
birds reported dead from other or unknown causes. Recoveries were allocated to nonbreeding areas in ArcGIS 10.2.
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Population size
The breeding population of cormorants has been counted annually in most European
countries since the 1970s (Bregnballe et al. 2014). Cormorant colonies are easy to
detect and nests are fairly easy to count accurately, and we assumed that the count
error was negligible. In cases where counts were unavailable for one or more years, we
used linear interpolation to estimate population size, or guesstimates when the year in
question was at the end of the time series. Of 487 non-zero counts at the country level,
134 were obtained by linear interpolation and 11 as guesstimates (Table 3).
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Breeding success
For our conversion of numbers of recoveries to relative numbers of cormorants, we
needed to estimate the number of fledged young produced per colony per year in all
the breeding areas in Europe. The reproductive output from cormorant colonies has
been studied in breeding colonies throughout most of the breeding range of the Ph. c.
sinensis subspecies in Europe. However, these studies have usually lasted for only a
single or a few years and only covered years when the specific breeding colony was
either growing, stable or in decline. Nonetheless, we assessed that the number of
published studies was sufficient to allow reasonable estimates of the number of
fledglings produced per year in the European cormorant colonies during their respective
phases of population development. Our estimates or guesstimates of the annual mean
breeding productivity for each of the 12 breeding areas is given in Table 4.
Bayesian multi-state CMR model
Overall structure
We developed a novel Bayesian multi-state capture-mark-recovery model to
estimate the proportions of cormorants from each breeding area that wintered in
each non-breeding area. The model was an extension to a long-lived species of that
employed by Korner-Nievergelt et al. (2010, 2014), which again was based on the
division coefficient method of Kania and Busse (1987). Under this model, these
proportions (here termed distribution probabilities) are only estimable if the number of
marking (here, breeding) areas is equal to or larger than the number of recovery (here,
non-breeding) areas, and if birds from different breeding areas have different nonbreeding distributions. It is assumed that all individuals spend the non-breeding
season in one of the recovery areas considered, i.e., no individual should leave the
study area. Furthermore, it is assumed that all marked birds dying in a given nonbreeding area have the same probability of being found and reported to the ringing
centre, regardless of their breeding origin.
For simplicity, we used only two age classes (first-year and adult) for survival and
distribution probabilities, and assumed that the recovery probability (probability that a
dead bird is found and its ring reported) was independent of age.
Likelihood and estimated parameters
Recovery data were summarised as a four-dimensional m-array (by ringing and
recovery year, breeding and non-breeding area),
. We assumed that the
recoveries of birds ringed during the same year and in the same breeding area (Nik)
~
,
were multinomially distributed,
. Cell probabilities pik were then
modelled as functions of survival, distribution and recovery probabilities.
and
represent standard annual (year-dependent) survival probabilities for
respectively the first year of life and subsequent years. For both, we included a normal
random between-year variance on the logit-scale.
The recovery probability

represents the probability that a dead bird, which has died

during the non-breeding season of year t in non-breeding area j, is found, and that the
ring number is reported to the ringing centre. Recovery probabilities in each nonbreeding area were modelled with independent logit-linear trends over time (ztransformed).
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The first-year and adult distribution probabilities

and

represent the (in

principle year-dependent) probability that a bird ‘belonging’ to breeding area i (i.e.
fledged there) spends the winter in non-breeding area j. The distribution probabilities
for one cohort of birds during one time period sum to one (e.g. ∑
= 1), i.e. the
11 non-breeding areas include the whole winter distribution of the studied population.
The distribution parameters are not transition probabilities in the usual sense, because
these parameters are not dependent on where the bird has been during the last year,
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but where it has been ringed (there is no Markovian relationship). The parameters
are not individual characteristics but describe characteristics of the
and
population. Due to data limitations, the distribution probabilities were modelled as
period-dependent rather than year-dependent, initially using six 5-year periods (with
a final period of 6 years).
Priors
For the means of the logit of first-year and adult survival, we used flat normal
distributions (mean=0, sd=10) as priors. For the standard deviation of the random year
effects we used folded-t distribution (mean = 0, sd = 1, df=2) priors (Gelman 2006).
The priors for the intercept in the logistic regression for recovery probabilities (i.e. areaspecific recovery probabilities for 1998, the central year of the study) were constructed
so that their order was partly fixed. Based on a general understanding of patterns of
ring recovery activity, we assumed that recovery probabilities were highest in the UK
and lowest in North Africa, with other wintering areas ranked in between:
>
, > , > , ,
> , >
. The prior for
was normal (mean= 0, sd = 5)
on the logit scale, and for each subsequent level of the series, a uniform prior between
-12 and the previous level was used. Normal priors (mean= 0, sd = 5) were used for the
slopes.
For the distribution probabilities, we used beta(1,1) priors which were then scaled to
sum to 1 for each cohort of birds during one time period. Some movements were
regarded as highly unlikely, e.g. birds moving north in winter, or very extensive eastwest movements. For these a priori rare movements, we used a beta(1,1000) prior
before scaling as above.
Model validation etc.

Convergence
To fit the model, we used Markov chain Monte Carlo simulations as implemented in
JAGS (Plummer 2003) that was used from R (R Core Team 2015) using the R package
R2jags (Su & Yajima 2015). Two chains of length 60,000 were simulated and from the
last 50,000 iterations, every 10th was used to describe the posterior distributions of the
model parameters. Convergence was assessed graphically, by the r-hat value (Brooks
& Gelman 1998) and the number of effective samples.

Posterior predictive checking
To assess model fit, we used posterior predictive checking (Gelman et al. 1996).
Thereby, we simulated from the posterior distribution of the model parameters 1000
replicated data sets taking the uncertainty of the model parameters into account
(predictive distribution). We compared the total number of recoveries in each of the
11 non-breeding areas in the original data with the 1000 replicated data sets. This
comparison identified non-breeding areas for which the model predictions fail.

Prior-posterior overlap
In highly parameterized models like the one here, the estimability of parameters can
be of concern. When using Bayesian methods, parameters for which the data contain
no or only weak information the posterior distribution is essentially equal to the prior
distribution. Therefore, the comparison between the prior and the posterior distribution
can inform about how much information the data contains about a specific
parameter. We, therefore, calculated the overlap between the prior and the posterior
distribution for each parameter. The closer this overlap is to one, the less information
from the data is contained in the parameter estimates.
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Winter population model
Winter population size and composition in the 11 non-breeding areas was estimated
by combining parameter estimates (survival and distribution probabilities) from the
Bayesian CMR model with data on population size and breeding success in the 12
breeding areas (assumed known without error). Assuming equal survival probability
before and after the winter census, we calculated survival of adults (1 Y+) from
breeding season until winter as the square root of the annual estimate of survival:
→
=
. For first-year birds, we assumed that survival was similar to adults from
the first winter on, and calculated survival from fledging until winter as:
→

=

.

The counts only included breeding birds (pairs), whereas cormorants start breeding at
an age of 2-4 years (Frederiksen & Bregnballe 2001). In the model, we assumed that
all cormorants started to breed at age 3 years. The estimated numbers of adult and
first-year cormorants from breeding area i wintering in non-breeding area j in year t
were then calculated as respectively:

=

∗ 2∗

∗

=

∗

∗

∗

∗

∗

∗

+

∗

∗

∗

+

∗

, and

.

For adults, this calculation was not possible for the first two study years due to missing
estimates of breeding success and survival before 1983, and we therefore assumed
that 3 adults (1 Y+) were present in winter for each breeding pair (i.e.
=
∗
) , a value close to the average for the early part of the study.
3∗
Estimates of the annual total numbers present in each wintering area were then
obtained by summing across breeding areas and age classes. All these calculations
were carried out for each iteration of the Bayesian model, and we thus obtained full
posterior distributions of the winter population estimates.
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Appendix 5.2

Proportions migrating to different wintering areas
The following pie charts show the proportion of adult Great Cormorants estimated to
have been wintering in each of 11 areas in Europe and North Africa. For most of the
12 breeding areas the estimated distribution among the wintering areas is shown for
selected 5(6)-winter periods as examples. The delineation of the 11 wintering areas is
shown in Fig. 5.2.2. The number of winter recoveries of birds originating from each of
the breeding areas and included in the models estimate of the proportion migrating to
different wintering areas is given in Table 1.
Table. 1. Number of winter recoveries during 5(6)-winter periods of adult Great Cormorants originating from each of
the 12 breeding areas. Numbers in bold refer to winters for which pie charts are shown.
1983/841987/88

1988/891992/93

1993/941997/98

1998/992002/03

2003/042007/08

2008/092013/14

Sweden

5

112

226

280

273

209

Finland

0

0

0

35

229

270

East Baltic

0

4

67

75

113

100

5

19

26

8

15

11

Breeding area

Poland

244

170

174

297

368

589

6

47

41

28

20

61

24

27

45

38

35

26

France

0

2

10

11

12

11

Switzerland

0

0

0

0

16

52

Italy

0

0

1

2

4

5

Czech Republic

2

9

2

3

4

1

Croatia-Hungary

13

9

4

5

9

2

Denmark and south Norway
Germany
The Netherlands and Belgium
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Cormorants from Sweden:

Cormorants from Finland:
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Cormorants from the East Baltic, i.e. the Russian Gulf of Finland, Estonia,
Latvia and Lithuania:

Cormorants from Poland:
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Cormorants from Denmark and southern Norway:

Cormorants from northern Germany:
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Cormorants from the The Netherlands and Belgium:

Cormorants from Switzerland:
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Appendix 5.3
Geographical origin of wintering cormorants
The following pie charts show the estimated composition of the wintering populations
in 11 areas with respect to the geographical origin of the cormorants present. Pie
charts are only shown as ‘snap shots’ for the winters 1990/91, 2000/01 and 2010. Only
the composition of adult birds is shown.

Cormorants wintering in area A – The Baltic Sea and southern Norway:
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Cormorants wintering in area B – Poland (central and south), Czech Republic,
Slovakia, Hungary and Austria (central and east):

Cormorants wintering in area C – Switzerland, Germany (except N and NW
Germany), Austria west and Liechtenstein:
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Cormorants wintering in area D – United Kingdom and Ireland:

Cormorants wintering in area E – The Netherlands, Belgium, NW Germany
(Niedersachsen, Nordrhein-Westfalen, Rheinland-Pfalz and Saarland) and
Luxembourg:

138

DCE - DANISH CENTRE FOR ENVIRONMENT AND ENERGY
AARHUS UNIVERSITY

Cormorants wintering in area F – France:

Cormorants wintering in area G – Spain and Portugal:

EU / DG ENV SERVICE CONTRACT
N° 070307/2013/657707/ETU/B3

EU / DG ENV SERVICE CONTRACT
N° 070307/2013/657707/ETU/B3

DCE - DANISH CENTRE FOR ENVIRONMENT AND ENERGY
AARHUS UNIVERSITY

139

Cormorants wintering in area H – Italy:

Cormorants wintering in area I – Balkan, i.e. Slovenia, Croatia, Bosnia, Serbia,
Montenegro, Macedonia, Albania and Greece:
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Cormorants wintering in area J – Ukraine, Romania, Bulgaria and Turkey:

Cormorants wintering in area K – North Africa:
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